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PREFACE 


This manual contains the maintenance-oriented and recall diagrams refer- 
enced in the companion 7201-02 Computing Element FETOM (Form 
SFN-0201) and in the 7201-02 Computing Element FEMM (Form 
SFN-0203). 


The diagrams in this manual are arranged into six categories: 


Category 1. Diagnostic Techniques 


Category 2. Overall Data Flow 

Category 3. Data Flow by Instruction Class 

Category 4. Functional Units 

Category 5. Operations 

Category 6. Manual Controls and Maintenance F acilities 


All diagrams are in numerical order. The first digit of the diagram 


number reflects the category; for example, Diagram 4-210 belongs to 
Category 4, Functional Units. A category may be further subdivided into 
functional groups; for example, in Category 4, the diagrams have pest 
grouped as follows: 


Group 1. Timing and Clock Control 
Group 2. ROS 
Group 3. Data and Control Registers 
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Group 4. Local Storage 

Group 5. Serial and Parallel Adders 
Group 6. Status and Control Triggers 
Group 7. SCI 

Prerequisite and companion manuals are: 


Prerequisite Manuals 
9020E System Introduction, Theory of Operation Manual, Form 
SFN-0103 
9020D System Introduction, Theory of Operation Manual, Form 
SFN-0104 


Companion Manuals 


7201-02 Computing Element, Theory of Operation Manual, Form 
SFN-0201 

7201-02 Computing Element, Maintenance Manual, Form SFN-0203 

7201-02 Computing Element, Installation Manual, Form SFN-0204 

7201-02 Parts Catalog, Form SFN-0205 

9020 D/E Power Controls and Distribution, Theory of Operation 
Manual, Form SFN-0105. 


DIAGNOSTIC TECHNIQUES 
Maintenance Strategy Diagram (2 Sheets) 
ROS Test Flowchart (3 Sheets) 

FLT Flowchart 


OVERALL DATA FLOW 
7201-02 Computing Element Data Flow 


DATA FLOW BY INSTRUCTION CLASS 
Fixed-Point Instruction Data Flow 

Floating-Point Instruction Data Flow 

Decimal and Logical Instruction Data Flow 
Branching Instruction Data Flow 

Status Switching Instruction Data Flow 
Input/Output Instruction Data Flow ; : 
Multiple Computing Element Instruction Data Flow 
Display Instruction Data Flow 


FUNCTIONAL UNITS 

Group 1: Timing and Clock Control 
Clock Control Logic ae 
Reference Oscillator 

CE Clock Signal Generator 


Group 2: ROS 

ROSAR (0-5) Logic 

ROSAR (6—9) Logic 

ROSAR (10) Logic 

ROSAR (11) Logic F 

ROS Addressing and Data F low Q Sheets) 
Array Drivers be Ne 

ROS Data Register 


Group 3: Data and Control Registers 

Q-Register B-Field Transfer Controls 

R-Register Transfer to LAL 

E-Register Incrementer, Bits 14 and 15 
E-Register Parity Prediction after Incrementing 
Parity Adjustment for IC (21, 22) ee 
S-Register, Bits 15 and 16 as 
AB Byte Counter 

ST Byte Counter 

Mark Trigger Logic 

CCR Output Logic and Control Paths G3 Sheets) 
LM to XY Reformatting via Mixer (2 Sheets) 
XY Register Parity Prediction Logic 

Select Register - Select Signal Generation and ieeaponse Reset 


Group 4: Local Storage 
Local Storage Read/Write Controls 


9020 Out Bus to LS Data Bus Gating Logic 
LS Bus Parity Generation or Check 


Group 5: Serial and Parallel Adders 

Serial Adder Input Bus Logic 

Carry Lookahead Logic, SAL(O—3)- 

Decimal Add 6 Logic 

Decimal Correction Logic for SAL(O— 3) 

Invalid Digit Logic z Se : 

Logical Functions, SAL(O) 

Serial Adder Parity Predict Logic 

Serial Adder Product-Quotient Bit Logic 

Gate Control Triggers for ‘B+T’ Micro-order 

Parallel Adder Bit-Position Logic (Bit 47) 

Parallel Adder Carry Lookahead Logic 

Parity Generation, PAL(48—55) : . 
Parallel Adder Half-Sum Checking Logic, PA(48— 55) 
Parallel Adder Full-Sum Checking Logic, PA(48—55) 
Parallel Adder Excess 6 Logic ‘ 
Parallel Adder Set-Condition-Code Loxie. 


Group 6: Status and Control Triggers 
STAT B Logic > Repoes. 8 


Group 7: SCI 

SCI Request Sensing and Gating Toute 

Address Decode and Gating Logic 

SCI Control Logic for CE Clock 

invalid Address and Frame ti Te Q 2 Sheets) 
Storage Timeout Logic ; 

Error Handling Logic 

PSBAR Step Control Logic 

PSBAR Operations : : 

Page Control Logic and Timing 

SAB Parity Conversion Logic : 
Detailed SCI Functional Sequence (2 Sheets) 
Servicing of Storage Requests in Single-Cycle Mode 


OPERATIONS 

Group 1: I-Fetch 

Operand Prefetching During End Op 

Instruction Requests During End Op 

Instruction Requests During Early End ve 

Branch. Requests Me 

Selection of I-Fetch Seanance. be ae ep A 
RR LFetch 

One-Cycle RR LFetch Sig tite Kee hiee cake “Wee, Ae Se 
Two-Cycle RR J-Fetch A tise Gy te A Aa, FR 
RX I-Fetch Es 


One-Cycle RX, RS, and SI I-Fetch 

Two-Cycle Indexed RX I-Fetch 

Two-Cycle Non-Indexed RX, RS, and SI L- Fetch | 
RS and SI I-Fetch me die aah ee 
SS I-Fetch (2 Sheets) 

I-Fetch Sequencers (2 Sheets) 

Block I-Fetch Trigger 

Timer Exceptional Condition : 
CPU Store in Progress Exceptional Condition 
Machine Check Interruption 

Non-Branch Setting of Interrupt Code ‘Trisvers 
SPEC Y-Branch Setting of pees Code eee 
Program Interruption 

Supervisor Call Interruption 

External Interruption 

I/O Interruption (2 Sheets) 

Common Interruption Routine ; 
Manual Control Exceptional Conditions 
Program Store Compare Exceptional Condition 


CONTENTS 


Invalid Instruction Address Test Exceptional Condition Q Sheets) 


Test for Q-Register Refill Exceptional Condition 


Group 2: Fixed-Point Instructions 

Load, LR (18); Load, L (58) 

Load Halfword, LH (48) 

Load and Test, LTR (12) 

Load Complement, LCR (13) 

Load Positive, LPR (10) 

Load Negative, LNR (11) 

Load Multiple, LM (98) . 
Fixed-Point Add-Type Instructions (2 Sheets) 
Fixed-Point Multiply (3 Sheets) : 
Fixed-Point Divide (6 Sheets) 

Convert to Binary, CVB (4F) (2 Shbeisy- 
Convert to Decimal, CVD (4E) 

Store, ST (50) : ; 

Store Halfword, STH (40) .. . 

Store Multiple, STM (90) (2 Sheets) 

Shift Left Single, SLA (8B) (2 Sheets) 

Shift Left Double, SLDA (8F) (4 Sheets) 
Shift Right Single, SRA (8A) (3 Sheets) 

Shift Right Double, SRDA (8E) (4 Sheets) 


Group 3: Floating-Point Instructions 


Save Signs and Insert Sign Functions, and CC Setting 


Load, LER (38) — Short Operands; Load, LDR (28) — 


Long Operands 


Load, LE (78) — Short Operands; Load, LD (68) — Long Operands os 
Load Positive, LPER (30); Load Negative, LNER (1); Load and Test, LTER. 
(32); Load Complement, LCER (33) — Short Operands 


Load Positive, LPDR (20); Load Negative, LNDR (21); Load and Test, LTDR 


(22); Load Complement, LCDR (23) — Long Operands 


Floating-Point Add, Subtract, and Compare — Short Operands (5 Sheets) 


Floating-Point Add, Subtract, and Compare — oe nce (5 Sheets) 


Halve, HER (34) — Short Operands 

Haive, HDR (24) — Long Operands 

Floating-Point Multiply Data Paths 

Floating-Point Multiply, Short Operands (4 Sheets) _ 
Floating-Point Multiply, Long Operands (4 Sheets) 
Floating-Point Divide Data Paths an 
Floating-Point Divide, Short Operands (4 Sheets) 
Floating-Point Divide, Long Operands (5 Sheets) . 


Store, STE (70) — Short Operands; Store, STD (60) — Lone Operands 


Group 4: Decimal Instructions 
GIS for Decimal Add, Subtract, and Compare 


True Add Sequence for Decimal Add, Subiract, and Conipare GB Sheets) 
Complement Add Sequence for Decimal Add, Subtract, and Compare (3 


Sheets) 5 
Zero and Add (4 Sheets) 
Decimal Multiply (7 Sheets) 
Decimal Divide (9 Sheets) : 
GIS for Pack, Unpack, and Move With Offset 
Pack, Not Word Overlap Sequence a 4 
Pack, Word Overlap Sequence 
Unpack, Not Word Overlap Sequence 
Unpack, Word Overlap Sequence 
Move With Offset, Not Word Overlap Saauenice 
Move With Offset, Word Overlap Sequence 


Group 5: Logical Instructions 

GIS for Logical Instructions 

Logical Move Instructions 

Logical Compare Instructions 
Logical AND Instructions 

Logical OR Instructions 7 
Logical Exclusive-OR fisteuctionis 
Test Under Mask, TM (91) 


Insert Character, IC (43); Store Cinricter: STC (42) 


Load Address, LA (41) 


Translate, TR (DC); Translate and Test, TRT (DD) 


Edit, ED (DE); Edit and Mark, EDMK (DF) 
Logical Shift Instructions ae Fane & 


Group 6: Branching Instructions 


Branch On Condition, BCR (07); BC (47) (2 Sheets) 


Branch and Link, BALR (05) (2 Sheets) 
Branch and Link, BAL (45) (2 Sheets) 


Branch On Count, BCTR (06); BCT (46) (2 Sheets) 


7201-02 FEMDM 


- 5-10 
- 5-11 
. 5-12 
. 5-13 
. 5-14 
. 5-15 
. 5-16- 
- 5-17 
- 5-18 
- 5-19 
. 5-20 
. 5-21 
sa22 
» Dees 
. 5-24 
. 5-25 
. 5-26 
. 5-27 
. 5-28 
» 3-29 
. 5-30 


. 5-101 
. 5-102 
- 5-103 
. 5-104 — 
- 5-105 
. 5-106 
. 5-107 
. 5-108 
. 5-109 
. 5-110 
. 5-111 
al? 
. 5-113 
. 5-114 
- 5-115 
. 5-116 
. 5-117 
. 5-118 
. 5-119 


. 5-201 
. 5-202 
. 5-203 


- 5-204 


« 3-205 
. 5-206 
. 5-207 
. 5-208 
. 3-209 
. 5-210 
. 5-211 
. 5-212 
. 5-213 
. 5-214 
. 5-215 
. 5-216 


. 5-301 
. 5-302 


. 5-303 
. 5-304 
. 5-305 

5-306 
- 5-307 
. 5-308 
. 5-309 
. 5-310 
. 5-311 
. 5-312 
. 5-313 


. 5-401 

- 5-402 
. 5-403 
. 5-404 
. 5-405 
. 5-406 
. 5-407 
. 5-408 
. 5-409 
. 5-410 
. S411 
- 5-412 


- 5-501 
. 5-502 
. 5-503 
- 5-504 
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Branch on Index High, BXH (86); Branch on Index Low or iiaiaaes 
BXLE (87) (3 Sheets) : ; : 
Execute, EX (44) (2 Sheets) 


Group 7: Status Switching Instructions 
Load PSW, LPSW (82) i asbh Sn la 


Set Program Mask, SPM (04) 
Set System Mask, SSM (80) 
Supervisor Call, SVC (OA) 
Set Storage Key, SSK (08) 
Insert Storage Key, ISK (09) 
Write Direct, WRD (84) 
Read Direct, RDD (85) 
Diagnose (83) (3 Sheets) 


- Group 8: 1/O Instructions 


1/0 Instructions 


Group 9: Multiple Computing Element Instructions 
Load Identity, LI (OC) Se be ay Les top we Gitte 

Insert ATR, IATR (OE) 

Delay, DLY (OB) 

Store PSBAR, SPSB (A0) 

Load PSBAR, LPSB (A1) hoa 

. Move Word, MVW (D8) (3 Sheets) 

Start I/O Processor, SIOP (9A) : 

Set Address Translator, SATR (OD), Execition | in ‘isis CE 6 Sheets). 


Set Address Translator, SATR (OD), Execution in eee CE (3 Sheets) 


Set Configuration, SCON (01) (6 Sheets) 
Test and Set, TS (93) : : 


Group 10: Display Instructions 

Repack Symbols, Simplified Flow Chart 

Repack Symbols, RPSB (OF) (21 Sheets) : 
Convert and Sort Symbols, CSS (02) (10 Sheets) _ 
Convert Weather Lines, Simplified Flowchart 
Convert Weather Lines, CVWL (03) (9 sheets) 
Load Chain, LC (52) ms % . 


MANUAL CONTROLS AND MAINTENANCE FEATURES 

Group 1: 7201-02 CE Console Controls 

CE Control Panel (2 Sheets) : 

CE Roller Switch Indicators (2 Shisets) 

Pushbutton Signal Generation (2 Sheets) 

Stop Loop Routine (2 Sheets) 

Stop Loop Monitored Pushbutton Gains 

Stop, Manual, Address Compare pci and Block {arcinise che 
(2 Sheets) bhai Be al Be x ok 

CE Machine Reset oa Force Aadtess? 

System Operation: IPL or PSW Restart 

Subsystem Operation: IPL or PSW Restart 

Common Routine: IPL or PSW Restart (2 Sheets) 


ABBREVIATIONS 

ABC . AB register byte counter 

ac alternating current 

ACR Automatic Carrier Return 

adr address, addressed, addressing 

ALD automated logic diagram 

ALTN Alternate 

amp ampere 

APSA alternate preferential storage area 

ASC : address store compare 

ATC air traffic control 

ATN alternate test number 

ATR address translation register 

Atin attention 

Aux Auxiliary Magnet 

BCD binary-coded decimal 

BCU bus control unit (alternate terminology for SCI 
BL blink 

BR brightness 

BSM basic storage module 

Cc capacitor 

CAS control automation system 

CAW channel address word 

CB circuit breaker 

cc condition code, also Configuration Console 
CCC Central Computer Complex 

CCR configuration control register 

CCW channel command word 

CE Computing Element 

Charistic Characteristic 

CLD control automation system logic diagram 
Cmd command . 
CPU Central Processing Unit (alternate terminology for CE) 
CR diode or Carrier Return 

CROS capacitive read-only storage 

CSW channel status word 

CT conditional terminate 

CTC channel-to-channel 

CU Control Unit 

CVG Character Vector Generator 
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- 5-505 
. 5-506 


. 5-601 
. 5-602 
- 5-603 
- 5-604 
- 5-605 
- 5-606 
. 5-607 
- 5-608 
. 5-609 


. 5-701 


. 5-801 
= SO O2 
*. 5-803 
. 5-804 
- 5-805 
. 5-806 
- 5-807 
. 5-808 
. 5-809 
. 5-810 
. 5-811 


- 5-901 
- 5-902 
. 5-903 
- 5-904 
- 5-905 
- 5-906 


- 6-1 
. 6-2 
- 6-3 
. 6-4 
- 6-5 


- 6-6 
aiOry 
- 6-8A 
. 6-8B 
- 6-9 


STORAGE SELECT Switch Gating : 
DEFEAT INTERLEAVING Switch Gating 


RATE Switch Logic 


Instruction Step Routine : 
Single-Cycle and Single-Cycle-Inhibit Routine 
Repeat Instruction Switch Logic 

Repeat Instruction Switch Routine 


ROS TRANSFER and REPEAT ROS ADDRESS Switch Gating 


Storage Ripple Loop (Store and Display) Routine 


Wait State Gating 


Wait State Microprogram Routine 
Disable Interval Timer Logic 


CE Check Control and Inhibit CE Hardstop Switches, Logie and Ener 


Controls 


Pulse Mode Controls 

Pulse Mode Operation a 

LOG OUT Pushbutton Logic 

SCAN MODE, ROS/PROC/FLT Switch Ejeis- 
FLT BACKSPACE Pushbutton Logic and Flow 


1052 Adapter Unit — 
‘1052 Adapter Initial Ssiechion _ Red. Write, Sinise. 


1052 Adapter Data Transfer — Write 
1052 Adapter Data Transfer — Read 
1052 Adapter Ending Sequence 

1052 Adapter Sense and Status Bytes 


Group 2: Maintenance Features 
Scan Data and Control 


Scan Clock 
FLT Clock 


Scan Counter Latches nd Decienieater 
Scan Storage Address Generator 

FLT Counter Decrementing 

Scan-Out Bus Data Flow 

Logout Control Logic 

Scan-Out Path For One Bit 
Maintenance Mode Stop Clock Logic 
Scan Control Triggers 

Scan Control of ROS Mictobranchine: 
CE Scan/IOCE Interface So 
Logout Sequence (2 Sheets) 

ROS Test Sequence (5 Sheets) 

FLT Sequence (5 Sheets) 

CE Logword Formats (3 Sheets) 

SE Logword Formats ‘i 

DE Logword Formats 


Group 3: DE Wrap Operation 


INDEX 


*Note: 1052 Adapter is used only with the 9020E configuration. 


dec div 
dec ovflo 
DG 

Disc 

dly 

Dply 
dsbl 

DX 
DX+1 
DX+2 


ELC 

end op 
EOB 
EOL 
EPO 
ERSLT 
EXC 

exp ovflo 
exp unflo 


F 
FEMDM 
FEMI 
FEMM 
FETOM 
fix-pt ovflo 
FLT 
fit-pt div 
FMTN 
FMTO 
FMTW 
FPR 
fract 


_ DE Wrap Bus Controls 


dash 

diagnose accessible register 
diagnose accessible register mask 
Data Adapter Unit 

direct current 

Display Channel Processor 
Display Element 

decimal . 

decimal divide 

decimal overflow 

Display Generator 

disconnect 

delay 

display 

disable 
first byte in a series of destination bytes 


second byte in a series of destination bytes 


third byte in a series of destination bytes 


element check 

end operation 

end of block 

End-of-Line 

emergency power off 
expected result 

Executive Control Program 
exponent overflow 
exponent underflow 


fuse 


Field Engineering Maintenance Diagrams Manual 


Field Engineering Manual of Instruction 
Field Engineering Maintenance Manual 


Field Engineering Theory of Operation Manual 


fixed-point overflow 
fault locating test 
floating-point divide 
Format New 

Format Old 

Format Weather 
Floating-point register 
fraction 


GIS 
GPR 


hex 
Hz 


Ic 

ICR 
IDES 
I-Fetch 
ILC 
ILOS 
Init 
I/O 
IOCE 
IPL 


PQ 

priv oper 
proc 

prog 
PROSAR A 
PROSAR B 
_ prot 

PS 

PSA 

PSBA 


general initialization sequence 
general-purpose register 


hexadecimal 
Hertz 


instruction counter 

inhibit carrier return 

inhibit display element stop 
instruction fetching 
instruction length code 

inhibit logout stop 

initial 

input/output 

Input/Output Control Element 
initial program load 


kilo: also relay 
kilohertz 


logical address bus 

Logic Automation Documentation System 
local storage address latches 

local storage address register 

lower case 

line feed 

logout stop 

local store 

local storage working register 


maintenance and channel (storage) 
maximum 

machine check 

maintenance control word 
megahertz 

maintenance mode stop clock 
Multiple 

multiplier 

multiplex 

millisecond 


new descriptor tables 

no operation 

new refresh memory 

new refresh memory address 
nanosecond 


on battery signal 

old descriptor tables 
operation code 

operation 

operand 

old refresh memory 

old refresh memory address 
out of tolerance check 


parity 

paralle] adder A-side 

parallel adder B-side 

parallel adder latch 

pushbutton 

picofarad 

power contactor 

partial product 

partial quotient 

privileged operation 

process 

program 

previous read-only storage address register A 
previous read-only storage address register B 
protection 

power supply 

preferential storage address 

preferential storage base address 


SCON 
SCOPEX 
SCR 
SDBI 
SDBO 
SE 

Sel 
Serv 
signif 
SLT 
SMMC 
SMS 
SOROS 
spec 
SRL 
SSU 
STAT 
STC 
stg 

SU 
sync 


T 

1c 

TCU 
T(DX) 
T(DX+1) 
TIC 

TN 

T/R 

TU 


Xlat 


RH WHA JAI IV 


preferential storage base address register 
program status word 
Plan View Display 


resistor 

Reconfiguration Control Unit 
register 

Radar Keyboard Multiplexor 
read-only storage 

read-only storage address register 
read-only storage backup register 
read-only storage data register 
Reset 


serial adder A-side 

storage address bus, also serial adder B-side 
serial adder latch 

set Address Translation Register 
serial adder bus A 

serial adder bus B 

System Console 

storage control interface 

set Configuration Control Register 
scoping index 

silicon-controlled rectifier 

storage data bus in 

storage data bus out 

Storage Element 

select 

service 

significance 

solid logic technology 

system maintenance monitor console 
standard modular system 
scan out read-only storage 
specification 

Systems Reference Library 

storage switching unit 

status trigger 

ST register byte counter 

storage 

switch unit 

synchronizing 


transformer 

time clock (interval timer) 
tape control unit 

table byte specified by DX 
table byte specified by DX+1 
transfer in channel 

test number 

tilt/rotate 

tape unit 


upper case 
microfarad 

microsecond 
unconditional terminate 


volt 
variable-field length 
visual flight rules 


translate 


greater than or equal to 
greater than or equal to 
less than or equal to 
less than or equal to 
equal to 

not equal to 

and 
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LOGIC DIAGRAMS 


Name 


Upper half is 
set (1) input. 


(Name) 


[T= Means output is supplied to indicator. 
fetes Type (Trigger, Latch, Flip-Latch). 
a 8 Number of multiple circuits. 

A 


Lower half is 
reset (0) input. 


Name 


On-Page Connector 


| Indicates connection 
between two parts of 

| the same diagram. 
Arrow leaving symbol 
points (line of sight) 

| to correspondingly- 

| numbered symbol . 


| pees 
CLD 
Reference 
Processing Block 
Reference within 
stripe specifies 
detailed flowchart 
of the process. 


Annotation 


Gives descriptive 
comment or 
explanatory note. 


and input side. 


Transfer into register. 
- a ae Indicates storageable device 
0 1 


Means register contents are 
supplied to indicators. 


ALD Group 
Register Size (32 Bits) 


3] Transfer out of register. 


8-Data Bit (Plus Parity) 
Serial Adder 


60-Data Bit (Plus Parity) 
Parallel Adder 


B123 «—— ALD Reference 


Indicates storageable device 
and input side. 


Indicator 


Roller Switch Indicator 


Parity Check Logic 


Parity Generate Logic 


Interface 
Denotes interface between two units. 


TIMING CHARTS 
Off-Page Connector | 


Indicates connection 
between sheets of the | 


same diagram. 


Sheet 1 | 


Sheet 2 


7 


Branch Path Labels Decision Block 


Indicates point in 
flowchart where 
branch to alternate 
paths is possible. 
Diagram reference 
within annotation 
block connected to 
stripe specifies 
.detailed flowchart 
of the decision. 


Path Labels 


| | 
| 3, 4, Not 6 Sane emees 5 
| | | 


oes aad eee eee ae 
Ss a ce 


LEGEND 


AND 


O 
nv 


Exclusive-OR 


abHHE 


Time 
DLY Time Delay 
ss Singl eshot 
Frequency 
OSC Oscillator 


Negator (inverter) 


Gate 


9) 
+ 


a) Oe 


Rees Bs 


Multiple Line Transfer 


2 Out 


(0-7) 


A Amplifier | 


Heavy bar indicates active state. Number(s) | 


j Machine | Cycles l 


at beginning and end of the bar ic:.ntify the 

| signal(s) (also on the same chart) that | 
activate and deactivate this line. "Not" 

preceding a number means thot the | 

t deactive signal conditions this line. | 


Waveshape 
Heavy bar indicates active state. 


| 


Detail 
flow path 
for each 
major 
objective. 


General 
flow path 
(shows 
major 
objectives) . 
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(OL/L) TUS ‘TT 


(Z JO [ 1904S) WesISeIq ASaxeNg coULUOUTEW| *T-T WeIseld 


> 


Trouble 
reported 


Is 
logout 
available 


Yes 


a previous 
logout available 
for comparison 
with this 
one. 


Do 
the two 
logouts 
agree 


Make a quick 
check to 

acquire more 
information. 


Make a 
quick analysis 
of the logout 


Check 
voltages 
and lamps. 


Trouble 
localized to 
general 
area. 


Yes 


Which 
general 
area 


: SE 
Local 
Store 


9020 Reg 


To 
Shet Sheet 2 


Isolate 
and 
repair. 
To 
Sheet 2 
To 
Sheet 2 - 
ee Ripple 
I through 
| positions of 
I panel volt- 1 
| meter and Sheet 2 


Vv 4 Vv 5 Vv 6 


From Sheet 2 


From 
Sheet 2 


Perform 


system 
In stop loop; 


f manual light 
] on; error 
lights off. 


Any 
power check 
indications ° 


Yes 


use lamp test. 


No 
No ase 
Isolate ' Trouble may 
and Ibe in card, 
repair. j board, cables 
: or ROS plane. 
Multiplier 
(spat mixer ) Mixer 
Swap cards 
oe) Ce ( oct a ) Bus between good 
- and failing 
positions. 
Load and No Failure 
© run FLTs. Move 
Yes 
; Isolate bad 
= To card and 
Sheet 2 replace it. 
No 


To : To To 
Sheet 2 Sheet 2 Sheet 2 


v 


LOCAL STORE 


Do manual 


store/display. 


Yes 


Load and? 
run FLTs 
for 9020 
Regs. 


Load and 
run 
diagnostics. 


Alter bias; 
ripple local 
store. 


Run diagnostics 
under bias. 


To 
Sheet 2 


t Bial vol tages 
up and down. 


v 8 


| PARALLEL ADDER E- REGISTER 
SERIAL ADDER SDBI MIXER 
| JOCE BUS MULTIPLIER DECODE 


To . 
Sheet 2 FLTs, 


Load and 
run 
diagnostics. 


Alter bias; 
rerun FLTs. 


Run 
diagnostics 
under bias. 


To To 
Sheet 2 Sheet 2 


i Bias voltage 


To 
Sheet 2 


(z Jo Z J90US) WeISeIq ASayeNg soURUDJUTE| “T-T WeIseIG 


SE RELATED 9020 REG. 


From From From From From From From From 
Sheet 1 Sheet 1 Sheet 1 Sheet 1 Sheet 1 Sheet 1 Sheet 1 Sheet 1 


Check all 


Do manual 


Isolate Load and Run ROS 


store/displa 

voltages at and run CPU a depha O's and 1's in eae i 
tes repair hard core test store /aleplay tests ier 

GUNES, ° : * register. 


Yes 


Yes 


Try normal 
IPL. 
Refer to Ripple Load and 
Load program Main fon 
, MDM. listings; diannoetice, 
Nomal No Yes No trouble found. isolate ‘and Store. 
readings Return machine to repair. 
operational status. 
Yes 


Isolate and 


repair, 
using normal @ 
IP : Load and 


Refer to MDM Load and 


Load and ELT, run 
run diagnostic listing for PUN hess FLTs. 
May be 7 Check Isolate and sections. hang or red- 
deferred | adjustment repair, Try 4-card light error. 
until normal | of panel using FLT fix. Isolate and 


maintenance. 


meter. IPL. repair. 


No 


Alter bias; 
Load and 
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To 
Sheet 1 


do manual 
, run rerun store/displa 
Yes diagnostics. ROS Tests. in Bie m 
Trouble ‘ : Alter bias:’ Refer to ‘register. 
-may be in Scope to loadend program 
cards, cables, | isolate. run FLTs listing; isolate 
or boards 7 ‘and repair. 
From 
Sheet 1 
Alter bias; Load and 
do store/ run FLTs Run 
display. under bias. diagnostics 
> under bias. 
Load and ‘Refer to 
. run diagnostic program 
Verify sections under listing; isolate 
bias. | and repair. 
-No Yes Run ‘Load and 


Recheck error indications. 


Return to Sheet 1. Seek 
assistance if needed. 


Return machine to 
operational status. 


Refer to 
Program listings 


isolate and 
repair. 


diagnostics 
under bias, 


To Sheet 1 


Alter bias; 


‘run diagnostics 
under bias. 


To Sheet 1 


ROS parity check. 


<> Process 


Observe roller 2, 
position 2 to 


Start of ROS tests. 


Save logout. Rerun 
in stop mode 
if time permits. 


Refer to 7201-02 FEMM “ 
4.3.1 for details on 

ROS parity check 
indications. 


determine failing 
group(s). 


PREV ADR On 
A 


Previous ROS address 
in PROSAR A. 


Previous ROS address 
in PROSAR B. 


Check bits in 
failing group (Rollers 
2,3, and 4, pos 4). 


Run ROS 
word tests. 


Procedure on logic 
page A6503. Refer I 
to FEMM 4.3.3 for I 
additional information. | 


ROS 
hardcore 


OK 


Refer to FEMM 4.3.4 Continue test to 
for repair. locate failing bit(s). 


No 


Refer to FEMM 4.3.5 
for information on 
hardware fests. 


Repair ROS hardcore. ' 


No ig vas Failing 
non bit(s) — 
tried 


isolated 


Intermittent 
trouble 
suspected 


No 


Check for noise 


See FEMM 4.3.6.3.1 
and 4.3.6.3.2 for _ 

noise and 4.3.6.3. 3 
for late ROS branching. 


I and late ROS 
branching. 


Gather data from 
' logouts to establish 
a pattem of failures. 


<>, 


Yes 
Yes Single 
plane ; 
No Single 
Probably low torque No plane 
or contamination on 
bit plane. See 
FEMM, 4.3.6.1. Propebly sanee:fe Yes 
drive line short. : 
Both Extra bits See FEMM, 4.3.6.2. 
or; both extra and 
missing bits 
rrobably mult driver 
selection. See FEMM, Exti 
4.3.6.3.4. Possibly ke 
ROS power supply . 
irregularities. See Probably noise or late Probably bad or 


ROS branching. See 
FEMM, 4.3.6.3.1, 


contaminated plane. 
See FEMM, 4.3.6.1. 
Possibly low torque. 
See FEMM 4.3.6.1. 


FEMM, Ch 5, 


4.3.6.3.2 and 
4.3.6.3.3. 


Diagram 1-2. ROS Test Flowchart (Sheet 1 of 3) 
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Loop on 
adjacent addresses. 


Procedure on logic 
page A6503, if 
running ROS fests. 


Loop on 
failing address. 
Scope a failing bit 
at the latch input. 


SeeFigure4-2,A, ' ¢ Yes 
in FEMM. I 
Sheet 2 
6 


Was bit 
plane just 
changed 


Yes 


Change sense amp. 


Scope latch input. 


Rerun ROS tests. 
No 


Weak or 
distorted 


Distorted 


Check and adjust 
bit plane torque. 
Procedure in FEMM 
at 4.13.3. 


Yes 


End of ROS tests. 


- Loop on 
original address. 
Scope adjacent bit 
at latch input. 
<> No 


i _ Procedure in 
FEMM, 4.13. 


Remove, clean, and 
replace bit plane. 


Rerun ROS tests. 


Sheet 2 


Sheet 2 


Bit 


missing 


More 
than one bit 
failing 


Yes 


Sheet 2 


No 


Sheet 2 


Sheet 1 


See FEMM Figure 4-2, 
C, for good input. 


Rerun ROS tests. 


t See FEMM Appendix Table 
| B-4 for pin locations. 


Scope a latch 
output 


<> Yes 
No 


Number of 
consecutive failing 
bits 


Change latch card. 
Scope other 
latch inputs. 
No <=> 
Yes . 
Scope latch outputs. 
No 


Loop on 
adjacent addresses 


ve <> 


Diagram 1-2. ROS Test Flowchart (Sheet 2 of 3) 


Sheet 3 


Sheet 1 


See FEMM Figure 4-2, © 
D, for good output 

and G and H for 

bad output . 


Scope array 
drive output. | 


meats 
Ground OK 


Low or Slow 


eo Sheet 3 


Check and repair 


yellow wire of 
the twisted pair. 


rm 


See FEMM Figure 4-2, 
G, for good +6V de 
level and H for 

bad level. 


Yes 


Scope array 
drive inputs. 


Remove array driver 
temporarily to check 


for line loading. ag sce 7 
ee igure 4-2, 


C, for good input. 


Yes 


See FEMM Figure 4-2, 
D, for good output. 


Rerun ROS tests. 


Scope all select 
inputs on gate. 


Number 
of positive 
inputs 


One 


More than one 


One of the 8 
select bus base driver 
cards is bad. Change 


cards one at a time 
until trouble 
is repaired. 


Check cables, 
termination, driving I 
block, and timing. \ 


See logic page 
A8004 for timing. 
See service aid 

in FEMM, 4.3.6.4. 


Rerun ROS tests. 


Rerun ROS tests. 


{ Strobe signal, reset 
! signal, timing. 


Strobe signal, reset, Scope other 
signal, timing. ' latch inputs 


. <> 
Yes 


1 See FEMM Appendix Table 
'B-4 for pin locations. 


Scope latch inputs 
back to sources 


and repair. 


Rerun ROS Test 


Change latch card 


Change select bus 
emitter drive card. 


Sheet 1 


Rerun ROS fests. 


See FEMM Appendix Table, 
B-4 for pin locations. \ 


in FEMM, 4.3.6.4. | 


| See service aid 1 ~ 


Sheet 1] 


Scope latch output. 


Check cables 
and termination. 
Rerun ROS tests. 


Yes 


1See FEMM Appendix Table 
'B-4 for pin locations. 
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1-2, Sh 2 


Possible open 
sense line. More 
information in 

FEMM, 4.3.6.2. 


Remove sense amp 
for failing bit 
and adjacent bits. 


Measure resistance 
between input pins 
of failing bit. 


All 
measurements 
33 ohms 


No 


See text in 


FEMM, 4.3.6.2, to 
isolate and repair. 


Rerun ROS tests. 


See FEMM, 4.3.6.3.4, 
for additional 


information 


Resistance Readings 


Normal 


Sense ~ sense line short 


Sense - DC return short 


Yes 


Sense - drive/balance line short 


Sheet 2 


Turn CE power off. 


Measure continuity 
from sense amp 


Possible open drive 1 
line. More information , 
in FEMM, 4.3.6.2. ' 


input pins to sense 
line of failing bit. 


No Any Yes 
lines 


open 


tsolate and repair. 


Rerun ROS tests. 


Measure resistance 
from input pins to 
adjacent bit pins . 


See chart 
of resistance on 
this page. 


Reinstall sense amps. 


Tum power on 
and measure voltage 
across each sense 


line resistor. 

0.8V de indicates 
drive line shorted 
fo ground. 


Voltage +0.8V de 


present 


OV de 


Scope select bus 
emitter drive lines. 


Number 
of SBED lines: 
on 


Remove, clean and 
More than one - reinstall bit plane. 
Trace faulty lines 
Rerun ROS tests. 


Proper one 


to source and 
repair. 


Rerun ROS tests. 


DC return. 
Any other sense amp input. 
Any drive/balance line. 


Sheet 2 


Turn CE power off. 


Measure 
" resistances. 


0 ohms 
from output pin to 
land on drive 


board 


Open in yellow 
wire or joint. 


Repair. 


Rerun ROS tests. 


H Procedure in 
' FEMM, 4.13. 


16.5 ohms 
33.0 ohms 
Open 


DC return. 
Input of sense amp to which it is shorted. 
Any other sense amp input. 

Any drive/balance line. 


DC return. 
: Any other sense amp input. 
Any drive/balance line. 


DC return. 

Drive/balance line to which it is shorted. 
Any drive/balance line in same or opposite 
plane, except line to which it is shorted. 


Any drive/balance line not in same or 
opposite plane. 


Diagram 1-2. ROS Test Flowchart (Sheet 3 of 3) 
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8.25 ohms 
0 ohm 

24.75 ohms 
Open 


16.5 ohms 
0 ohm 


200 ohms plus 
short resistance 


Open 


1 See resistance chart 
! on this page. 


0 ohms 
from output pin to 
fand on resistor 
* board 


from land on resistor 


board to +6V de on 
board 


Open in upper 
or lower pressure 
connector. 


Open in 
100-ohm resistor 
connection. 


Loosen torque on 
pressure plates over 
sense line one 

by one until de 
drops to OV de. 


See FEMM, 4.3.6.2, 
for additional 


information. 


Procedure in t Replace faulty 
FEMM, 4.13.3. ! ‘bit plane. 
Rerun ROS tests. 


Yes, 


Less than 
33 ohms from output 
pin to 
ground 


Yes 


No 


Intermittent open. 
Inspect for poor 


connection. 


Sheet 2 


v | 3 vV 


_ Load FLTs. 
Procedure on logic ; 
page A6503. 


Ist depression 


of LOAD PB. 


Check roller 6, 
position 4 for 


type of error 


Run ripple tests 


(FEMM, Ch 4, 4.1) 


and repair 


Refer to procedure 


in FEMM Ch 4, 
4.4.1, failure 5. 


See One~Cycle 
repair procedure in 


FEMM, Ch 4, 4.4.4. 


First 
hardcore stop 
reached 


Yes 


Yes 


Correct 
indications after 
Backspace twice 
and load 


Tape 
runaway 


No 


Repair using 
procedure in Ch 4 


of FEMM, 4.4.1, 


failure 4. 


3rd depression 
of LOAD PB. 


Correct 
indications after 
load 


Yes 


Stop 
on a failing 
test 


Yes 


Do next step on 


maintenance 
strategy diagram. 


See Zero-Cycle 
repair procedure in 


FEMM, Ch 4, 4.4.3. 


Diagram 1-3. FLT Flowchart 


CHECK 
CONTROL sw. 
to DSBL 


Load 
unit sw's set 
correctly 


/O 
ready and 
on line 


IOCE 
SE and TAU 


configured 


Yes 


Hang 
with no Yes 
indicated error 


on CE 


Investigate 
Storage error 


Correct wrong switch 
setting and load again 


Correct wrong condition 
and try again. 


Check IOCE and 


TAU for channel 
or tape error. 


7201-02 FEMDM (7/70) 1-3 — 


Main Storage 
0 


SDBO 


Local Storage LS E RE 


O17 8 415 16 123 24] 31 


CR : 
32 


0 78 1516 23 24 31 32 


Select 1 Bit 


Q 7 DVDLO 
DVDLI 
SAB 
= Select 2 Bits 


IC 


Oo 
NOu 


(0-L1-1/C 


32 


M1,M2 Bits to PAL(64, 65) 


Diagram 3-1. Fixed Point Instruction Data Flow 
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SDBI 


Main Storage 


1 4 
SDBO - 
A Floating-point 
Instruction Decoded 
Force a I on micro-order when 
dl addressing odd addresses 
= 
LAL (Read) LS 
0 4 
LOCAL STORAGE - 
| LAR (Write)LS 
| 0 4 
\ 16 
1 
23 
| | 
I 
| 16 General-Purpose Registers 
| (Not used in floating-point 
| instructions) 
| 
0 23 0 7 
Ld = 
D RD F RF 
0 23 0 7 
0 23 0 7 
40 63 
E-Register 
Incrementer 
0 31 32 63 
32 $3 
0} 7 8 {15 16] 23 24] 31 32 139 : 0 63 
Force 1 or 0 “ABC cw 
eS 
To STAT C 


E(14, 15) 
_ Divide Select Multiple 


To STAT F 


To STAT D 
(0-L1-T/C) 


31 40 63 


0-R4-L4 


re 
67 


63 64 67 


Diagram 3-2. Floating-Point Instruction Data Flow 


3-2 (7/70) 


SDBI 
0 63 
SAB 
' Main Storage 
SAB 0 63 
[= ) 
D RD 0 63 
0 23 
0 20, 


Ist Operand and 
Destination Address 


32} 39 48 | 55 


8 | 15 24 | 31 40] 47 56 163 


Ist Operand and 
Destination Bytes 


Decrement 
Logic 


8 15 24 31 40 47 56 63 
0 7 16-23 32 39 48 55 


2nd Operand 
Bytes 


0 7 0 20 


2nd Operand 
Address 


Parallel! Adder Used During 
Operand Shifting 


Diagram 3-3. Decimal and Logical Instruction Data Flow 
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Main Storage 


63 
0 . 63 


Diagram 3-4. Branching Instruction Data Flow 
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Storage Mark Key Key 


Storage 
i 
Interface ae oe Bus In Out 


In 


0 63 

| 

Q RQ 

0 63 

0 15 16 31 32 47 48 63 
0 15 


9020 IN BUS 


a 
LAR(Write) LS 
4 


0 


0 23 8 15 
. i Rear To Control Triggers and WRD 
=z 
D RD 
0 23 
0 23 
0 23 
ROS 
21 23 
0 


0 3101 4 R RR 
: 0 15 

= 
Local Storage LS | LAL(Read) LS 0 15 

0 3140 4 


Operation Decode 


32 63 
Bytes 0-3 
DIRECT 
- & 0 7 CONTROL 
INTERFACE 
0 83 0 4 Commands 
=) 
0 7 8 | 15 16] 23 24431 32] 39 40] 47 48] 55 56] 63 0 2 F RF 
7 
= 
sTc CS 0 4 
° 2 Data 
0 78 15 16 23 24 31 32 39 40 4748 55 56 & 0 2 ) 7 Bus a 
4 In CE3 
CE4 
0 31 32 63 Pt 0 Z 0 Z 
: Deta 
. Bus f 
Out 


32 63 


0 $3 
Decode 
34 39 


0 78 15 ; 
32 39 40 51 52 53 63 ; 
ROS 
) - 63 
o| 78 [15 34 39 0 0 7 0 2 0 31 
! = = 
Pw RW Mark CT . 
0 19132 39 0 7 
0 7 0 78 151% 2324 31 32 39 40 47 48 55 56 & 
0 7 
- 0 31 32 x 63 
G RG P 
To To Scan 0 32 u 
ROSAR Counters : 0 7 


Note: Data flow and functional units used 


during !-Fetch and end-op are not shown. 


6163 


Diagram 3-5. Status Switching Instruction Data Flow 
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(Logical) Physical) 
D mer = - 
Re PSBAR MA PSBAR MP 
z3 Z 19 9 2 
23 9 19 12 
A 
40 63 
B = 
= 
32 63 
32 39 40 47 48 55 56 63 
Z 19, 28131 a 5] sales 
a | 32 39 40 47 48 55 56 63 
0 7 8 15 16 23 24 31 : 
RS 
31 
> 0 31 
32 63 
C 
PAL Ap 
> 3263 
D 
> 
External 
i 
9 31 
External Bus 
To IOCEs 
E 
Diagram 3-6. Input/Output Instruction Data Flow 
> 
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WAWaS CO-TOLT 


L-€ L/L) 


Local 
Storage 


LS 


9020 
Out Bus 


Diagram 3-7. Multiple Computing Element Instruction Data Flow 


; Main Storage Area 


ELCs 


‘PSEUDO SCON 0 


63 


63 


3] 
-= 
Select FS 
(¢) 31 
0 31 
Select Lines 
to System 
0 31 Elements. 


External 
(Control) 

Bus - To CEs, 
IOCEs, PAMs, 
and TAUs. 


CE2 External Bus 


CE3 External Bus 


CE4 External Bus 


L/L) 8-€ 


2 Vv 3 
0 20 0 
0 23 0 
= 
Ic CA D 
0 23 0 
0 23 5 20 
0 20 
0 3] 
Local 
Storage 0 | 7 81[15 16]23 24731 32 
0 31 32 
p 31 32 


0 31 32 


0 78 1516 23 24 31 32 


0 31 

= 
K “RK 
0 31 
0 31 


Diagram 3-8. Display Instruction Data Flow. 


39 40 | 47 48155 56] 63 


63 


39 40 47 48 5556 63. 


0 63 
0 63 
40 60 


0 15 16 31 32 47 48 63 


Vv 7 
) 31}32 63 
i eee el 
Mixer XM 
No ew oS ee ee 
3132 63 
31 32 63 


31 32 63 


1516 23 24 3132 3940 4748 5556 63 


15 16 


31 32 


47-48 


Backspace or Log CPU 
START Pushbutton 


START Pushbutton (Pulse Mode S.S.) Force Address 


Switch S.S. t 
Power on Reset KV011 
KW041 
Sample Manual Lines (Clock) KC031 KCO031 
BCU not Holding CPU Clock on 
Stop on ROS compare 
Storage Error 
A 
ROS Test or FLT Latch 
A 


FLT Check Response 


Not Continue FLT Sequence 


ROS Test Zero Latch A 
FLT Clock Timing 2 Latch 


Not Switch $.S. (No PB Depressed) KW041 


Single Cycle 

Not Manual Tgr (Not in Stop Loop) 
Backspace Or Log CPU 

START Pushbutton 

ROS Transfer Pushbutton 


KWw041 
RATE Switch Not in SINGLE CYCLE STORAGE INIIIBIT Position 
Not Repeat ROS Address 


CPU 2 Latch (SCI Cannot Process Storage Request Immediately) 


Insert Key Trigger Stop Clock 
T 
MC271 
Master Reset 
BCU Cleanup Sel Successful Meo 
Reset CPU Request Tgrs 
MC27} 


ROS Stop Clock Trigger Logic 


ROS Word Bit 45 Stop Clock ROS 


ROS Bit 
45 | 46 


Cycles Clock 


ROS Word Bit 46 is Stopped 


0 
1 
2 
0 


Not ROS Test 
Not FLT Block of Stop Clock Triggers 


Clock 
Signa! 
Generator 


Basic Clock (See Diagram 4-13 or 4-2) 


f*— 200ns —>} 


Osc Sample 


(i or 2 Cycle Duration) 


Pass Pulse 


T 


KV/041 


EXCEPT Micro-Order at End Op 


Manual Control Wait Priority 


Machine Reset 


Stop or Interrupt 
or Time Clock Step 


Logout 


Not FLT or ROS Test Mode 
Not Pass Pulse Tgr 
Pass Pulse Tgr 


Unskewing, 
Delay Logic 


ADJ 
DLY 
A 


MC271 


Stop Scan Clock 


Turn-On Reset 


Turn-Off Reset 


Reset Forced by ROS 
Test or Scan Operation 


Turn-On Select 


Turn-Off Select 


KC021 


Not Pass 


Pulse Tgr 

Stop Clock Tgr 
Inhibit Clock CE Check 
Maint Mode Stop Clock 


KCON) 


Fixed, Gated Delay 


fe 
110 ns Delay 


Stop Clock ROS (1 or 2 Cycles) 
Not Repeat ROS Address A 
Not Single Cycle Storage Inhibit 


KCON 


Diagram 4-1. Clock Control Logic 


| ei | 
1, eee +p OE! 


Oscillator Sample 
Notes: 


| | : 

| { l 

| | 

| | | 2. 
| , 

| | 

| | | 

l | 


Sample Latched Lines (Stop Controls) 


Oscillator 8 (To Block Trigger) 


I 1 | 
-BCU Osciilator (Symmetrical Clock) 


Oscillator D (Repeat, Single Cycle Rst Scan Drive Clock) 


i eee Oa Soe 


-Oscillator E (Repeat Inst) 


Sample Singleshots (Pushbuttons) 


i tec 
cae COI ages re 


-CPU Clock to BCU** (Unsymmetrical Clock) 


| deo [| 


-Gate Clocks (Unsymmetrical Clock) * 


+Special Reference Clock 
| 
| | 
| | 
| | 
| | 
| | 
| | 
i 


‘A 


-Reset ROS Sense Latches 


| | 
| | 
| | 
— — 


+Gate ROS Word Selects 


-Gate Clocks to: Gate A Top 
Gate A Bottom 
Gate B Top 
Gate B Bottom 
Gate C Bottom 
Gate E Bottom 
Gote K +L 


. Assume, for this diagram, no delay in the 


logic blocks except for 10 ns in inverters. 


Heavy portion of timing signals indicates the 
active portion for the signal! function. 


Activated by switch or internal triggers, ALD KW081. 


To SCI request sensing logic (Diagram 4-601) and SC! 
control logic for CE clock (Diagram 4-603). 


Inverter block is part of logic block. 


Adjust time delay to provide 80-ns clock, 
120-ns not~clock to logic gates. 
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10 mHz | 
| DIVIDING LOGIC 


| 


FREQ ALTER . 


(From Diagram) 


Free Running KC021 | 
Oscillators i a a es 


Ideal Waveform At Output Of Each AND After Inversion: 


5 mHz or 5.128 mHz Crystal Freq Standard 
(See Diagram 4-3) 


Oscillator 


BC 


Clock -» BD 
BF —+—— SS —— 
| / 
. 
Oe ee 
| 


Notes: 


1. Heavy portion of timing signals indicates the 
active portion for the signal function. 


2. The two letter notation within the AND's is the 
block serial number on ALD KCO021. 


tinverter block is part of logic block. 


Diagram 4-2. Reference Oscillator 


42 (7/70) 


WOW4 70-TOLZ 


€-- L/L) 


v 2 Vv 3 Vv 
Not Inhibit OSC, On Wrap, Or Logout 


A 43V de 
Hardstop Inhibit OSC 
> | 5. OmHz COMPARATOR CIRCUIT 
| FREQUENCY ALTERATION SWITCH 
A Freq. 
_ (PK041) Alt 
B | 2 KC101 
| TEST SWITCH 
| (PKO41) 
2 Test Latched Test On Latched 
> | Cc es n Latche OR 
| PX331 
| State 0 + Test 
Cc Frequency Alteration Circuit 
Ie2 usec 
‘Machine reset 
SS 


If line is positive, oscillator output is 
positive and not running. When line goes 

> negative, oscillator output goes negative 
‘and starts stable oscillation. 


Diagram 4-3, CE Clock Signal Generator 


bee 


Freq. Alter. 
-To Diagram 4-2 


| SYM <— Adjust for symetrical 


= —~ 5.O-mHz OSCILLATOR: im | 
CTRL 100-ns/100-ns clock signal. : 


Adjust for 200=ns period 


| —] ee signal te nen 
AMP iy S 
ymmetry 
A Rls TD AMP AMP 9 Observation 
ii : = : ; Point 
Peas ee eat _ — ~~ _KCl01 


— 


Gated Oscillator 


_ (Basic Clock Pulse) | 


<—— Adjust for symmetrical 
97. 5-ns/97. 5=ns clock signal. 


_—Adjust for 195-ns period | 
clock signal. | 


Symmetry 
© Observation 
Point 


| 5.0-mHz REFERENCE) [™ 5.0-mHz Comparator Circuit 


(From crystal-con- | 
| trolled; same as . Filter 
shown in Diagram | | 300-kHz'| Null 
| A-2.) Low-Pass 9 Observation 
| | | Filter Point | 
| ace Filter 
Ss rilter converts square wave | 


Le kcorsf [tos tneeves cio] 


Execute 
Execute in Progress 


Privileged Operation 
Not Supervisor Mode 
Specific Err D + ST + E Reg 
A Invalid Op Code SPEC Kal 
EXCEP K25 


SCON or SATR Cond Spec Exc 


Block ROSAR on Except Cond 
WRD or RDD or SIOP Exec ule: et 


SOROS and Not ROS Test or FLT 
FLT Clock Time 2 
Addr = 14 
FLT Clock Time 2 
IPL or Restart 
> Repeat ROSA PB 10 and Syne Not ROS Test 
FLT Clock Time 2 
P2 Reset ROSAR(O-5) ‘ OR a 
Addr Seq > 13 


Not) Machine Reset Not Logical FL 
(Not) Machine Reset No ogica A SOROS and FLT 


FL FLT Clock Time 2 
Addr Seq < 14 


B State 1, or 0, or Test a K24 
A age Except Force Add 007 
ROS Transfer PB a | Repeat ROS 
Address 


Clock P3 
OR 
Clock P2 rma i 
FL 


> CE Key 8 


KM431 


f Exceptional Conditions 


1. Timer 

2. CPU Store in Progress Not ST Bus 45 
r 3. Stop, Wait, and Repeat 

4, Program Store Compare 

5. Invalid Instruction Address Test 

6. Q-Register Refill 

Diagram 4-101. ROSAR (0-5) Logic 

D 
E 


4-101 (7/70) 


ay Not ST Bus 40 


a ee 


RX001 


RX901 


ROSAR(0) 


P4 Gate ROSLTH(47) = 1 


Ei — A 
; OR 
ie = : 


ed 
an - 
FL 


Inhibit Next Address li 


ROSAR(I-4) 
Similar to 
> 0 and 5 


ROSAR(S) 


Clock P3 


ROSLTH(52) = 1 


T—>RAR K24 


2 Vv 


Not Time Clock Step 
Prog Sto Comp Tgr 


Predecode LPSW 


Not Timer Clock Stop Pri 
CPU Store in Progress 


Interrupt Priority 


CPU Store in Progress 


Stop Trigger 


Not Time Clock Stop + Interrupt 


PSW Wait State Mask Bit 


Repeat Instr 
Not Stat G 


ST Bus 46 
Not Repeat ROS Address 
CE Address Key 14 


Repeat ROS Addr 


Privileged Operation 


KM431 


Not Supervisor Mode 


Not Repeat ROS Address 


ST Bus 47 
CE Address Key 15 


Repeat ROS Addr 


FLR 


Serial Carry 


MC + PSC + INT 
Stop 
Prog Sto Comp — 


Not External Intrp Priority 


DECIMAL 
E(12~15) =0 
J(58-63) 
PAL(58-61) = 0 
SAS 2,3,4 
Addr Seq 2 
EDIT 

ABC Incr = 111 
DREG(18-23) 
D(18-21) = 0 
FLR 

STAT C = STAT F 


Not IC(21) 

Not Q(16-19) =0 
Not 1C(22) 

Not 1C(21) 

Not Q(32-35) = 0 
IC (22) 

ic(21) 

Not 1C(22) 

Not Q(48-51) = 0 
IC (21) 

IC (22) 

Not Q(0-3) = 0 


CPU Sto Except 

Stop 

Timer Clock Step Priority 
Machine Check Int Priority 
External Int Priority 

1/O Int Priority 

ROSAR(9) for I-Fetch 

Prog Sto Comp 


Diagram 4-102. ROSAR (6-9) Logic 


KM831 


CPU STOP 
EXCEPT 


SS Format Fon | 


KM43} 


RX911 


4120 


Le 


KM831 


uw 
ve} 
a 


Paha Paar cake sanacees 


wu 
= 
nN 
Oo 


nn 
fo) 
on 


DS215 


KM831 


CPU Stop Except 


NEXT-INST * D 


Eff RQ) =1 


Scan Inhibit Next ROSA 


Manual Controls Force Addr 


ROSAR (6) for I-Fetch 


T —» RAR 
Force ROSAR(6) 


NEXT-INST * IC S97 


NEXT-INST * 1C JS97 


NEXT-INST * D 
Eff R(1) =1 


Timer Clock Stop Priority 


ROSAR(7) for 1-Fetch 


Not WRD, or RDD, or SIOP Spec Exc 
SCON or SATR Condition Spec Exc 


Specif Error D,ST, or E Reg 


Execute or Invalid Op 


Specif Error PAL 


T—>RAR 

Force ROSAR(7) 

Scan Force ROSAR 

Gate ROSAR Scan or MC 


ROSLTH (55) = 1 


E(04-07)—™ ROA J102 
E(02-07)—» ROA J103 


E(04) = 1 
NEXT-INST * IC 
Eff R(1) = 1 

Pseudo R(12-15) = 0 


R(12-15) = 0 and Not Q to R 


CPU STO EXCEP 
ROSAR(8) for i-Fetch 


Power On Reset 


Set ROSAR 8 Scan 


LOGIC-COMP J107 


SAL(0-7) = 0 


ROSLTH (56) = 1 


E(04-07) ROA 3102 


E(02-07) —» ROA 


E(5)=1 


Not D(21) 

Not D(22) 

Not Q(16-19) =0 
Not D(21) 

D(22) 

Not Q(32-35) = 0 
D(21) 

Not D(22) 

Not Q(48-51) = 0 
D(21) 

D(22) 

Not Q(0-3) = 0 


K24 
* for 


DS 211 


KM431 


K24 


0S211 


DS215 


v oe 
Inhibit Next Address 6,7 


Clock P3 


J97 + J121 EFFROO 


Scan-MC Inhibit | 
N 


EXCEP Set 


Scan Set 


J97 + J121 EFF ROI 


ROSAR(7) EXCEP Set 


ROSAR(7) SPEC Set 


Scan Set 


Inhibit Next Address 8,9 


Clock P3 


Normal Set 


Normal Set 


J102 or J103 and E05 


ROSLTH(53) = 1 


ROSAR (6) 


£(02-07) + ROA 


E(2)= 1 


—_ 
Qo 
Ww 


p> | | > | | > | 


=o 


EX CEP 


> 


> 


Clock P3 


ROSAR(7 
ROSLTH(54) = 1 vi 


E (02-07) -»ROA 


XE27 + XE47 

EG) = is a 
ae 

EXCEP K25 | 


Tt 
=9 


Not Scan MC Inhibit 


SPEC 


w 


FS Se 


Clock P3 


ROSAR(8) 


J102 or J103 and £04 


J97 EFF ROI 


Not EFF ROO 
R(12-15) =0 


J121 EFF RO} 


EXCEP 


EXCEP Set 
Not Scan MC Inhibit 


Clock P3 


NEXT-INST * §C 
Not RR Format 


NEXT-INST * D 


EXCEP 


Not Scan MC Inhibit 


Scan or MC Set 


Page Exe Force Add 007 


Clock P3 


‘2701-02 FEMDM 9 (7/70) 4-102 


DREG(18-23) J96 

D(22) =1 

DECIMAL —_J98 

STC Incr = 0 
A 


DECIMAL J98 
Incr L (8-11) =0 a 


DS061 
1C(21-22) J99 
1C(21) =1 
> STAE ,FISGN +J101 
STAT E Bus 
SAS2,3,4 J110 
Address Seq 3 
DS061 
Jt=0,J17=0,5111 
PAL(8-15) =0 
DS365 


J(58-63) 5122 
PAL(62) = 1 
FLR J120 
Within Range 1-2 
FLR 3120 


Within Range 3-4 
> 


EDIT J104 

Incr L (8-15) =0. 
EDIT J104 

STC Incr =7 
D(21) = 1 


J121 
NEXT- 


INST *D DS065 


Vv 3 
WI =1 K15 
SAL(4-7) = 0001 
E(23) =0 K16 
Incr L (8-15) =0 
E=0/ K18 
Incr L (8-15) =0 
WCRY Ki7 
Serial Carry 
E3 = 0/ K20 
Incr L (12-15) =0 
E3 =0 K19 
Incr L (12-15) =0 


DS201 
TRReC K12 

IC(21) =1 A 
1C(22) =1 

TRReC K12 

IC(21) =0 , 
1C(22) =0 

MOVE K27 

MOVE 
Fl = 1 & Not PSW 38 
.ROS 59-61 = 100 K28 | 4 
ROS 57-58 = 11 

“DS161 

. DS161 
D(21) Ké6 

D(21) =1 
STAG K8 

STAT G Bus 
PSW39 K9 

PSW(39) = 1 

DS205 

£3 =15 K2 

Incr L (12-15) = I's 
E2=0 K3 

STC = 000 Bus 

E2 =0/ K3 

Incr L (8-11) =0 


DS205 


FLTP-UN, COMP —_J105 
Unnorm FIt-Pt Op 


STAD, STAG _J108 
STAT D Bus 
Al =0, J5=0 J123 
AB(8-11) = 0 

DS061 
WI = (01-15) 5100 


SAL(4-7) = (1-4) or (01-15)] A 
ALT, MS-TEST J124 
Fetch Alternate Test 
(04-07) -% ROA 102 

E(06) = 1 


PAL 32-63 4 0 


PAL Carry 32 , 
ROS 62-68 = 1111101 J125 
SAL 1=1 


ROS 62-68 = 1101010 5106 


DS041 
DS065 
LOGIC-COMP ‘S107 
SAL(0-7) = 0 
ABC Incr = 7 A 
LOGIC-COMP — J107 
SAL(0-7) 4 0 " 
Serial Carry 


JI=O0/1, JI7=0 3109 
PAL(7-11) =0 
JI=O0/1, JIZ=0 S109 


PAL(6-11) =1's 


Diagram 4-103. ROSAR (10) Logic 


4-103 (7/70) 


1 KI 
E3 =0/ K20 
STC =7 
FI #1 K22 
F(4-7) # 0001 
INTRP K21 
Prog-Intrp Tgr on INTRP 
E=0/ K18 
STC =7 
FI #9 K23 
F(4-7) # 1001 A 
DS201 
Normal K Set 
ROSDL 59-61 = 111 K8 
ROSDL 57-58 = 00 A 
Restart ROS Timer 
DS171 © 
DEC K10 
DECIMAL 
STAE K11 
STAT E Bus 
W1=15 K13 
SAL(4-7) = 1111 
DS205 
6< E23 K26 
Incr L (8-15) >6 
E2=15 K4 
Incr L (8-11).= 1111 
STAD K5 
STAT D Bus 
DS205 
Normal J Set 
SPEC 2% K31. 
SPEC Block ROSAR and Set Bit 7 
EXCEP K25 Inhibit Next 
Block ROSAR on Except Cond ~ Address (10, 11) 
T—>RAR_ K24 
Scan Inhibit Next ROSA 
Man Controls Force Addr 
Page Exc Force Add 007 
RX001 
PAL(32-39) # 0 
E(7) = 1 
PAL(40-63) # 0 ROSAR(10) 


E(7) =1 
Not PAL(32) Ex or Fix Pt Oflow or| A A 
oar | (ba 


PAL(32-63) = 0 
PAL(32-63) Ex or Fix Pt Oflow a A 
DS208 | | 
a7 40 Te 
NEXT-INST IC __J97 Fast K Set a a A 
st) 
NEXT-INST IC S97 ZZ OR 
02-0. ROA J103 
e(ce 7) on J97 and 1C(21) or J103 and E(6) mn a 
E(02-07)—» ROA J103 A ° a] 
IC(21) =1 
EXCEP 
1C(21) =1 aL 
56) = 1 Not Scan MC Inhibit Cond | 
ie _D(20) | ofA 
DS217 = 
pay . Page Exc Force Add 007 Pal 
ntipt Pri . al 
CPU Sto Excep Clock P3 qi 
a ail ae 
Ext Intrpt Pri 
Prog Int pt Pri : bee A 
ROSAR(10) for I-Fetch FL 


Wait 
Invalid Inst Addr Pri 


KM831 
T—®RAR K24 | 
Force ROSAR(10) Scan + MC Set 
Force CROS Addr Bit 10 
Man Ctrls Force CROS Addr 
DS208 


£3 #3 
Incr L (14,15) #3 
£2 = £3 


Incr L (8-14! = Incr L (02-15) 


HS MOVE 


ABC =0 Bus 
STC = 0 Bus 


Incr L (8-15) Greater Than 6 


ABC #3 
ABC Iner 43 
STC =7 
STC =7 


STO-PB 
Pushbutton Gate 
Store Pushbutton 
IC-PB 
"Pushbutton Gate 
Set IC Pushbutton 
LS PB 
Local Stor Not Main Stor 
STT-PB 
Pushbutton Gate 
Start Pushbutton 


BCNMQ 

RR Format 
£(12-15) =0 
BCNMQ 


DS121 


DS122 


JI7 
A 

J33 
J26 
J65 
J23 
321 
J31 
J5 

J34 
Ji 


Jit 


Not Condition Met for Branch on Condition} A 


- £(03) 
£(3) =1 
D(22) =1 
D(22) =1 


Inhibit Ingating Bus 


E(04-07) ROA 
E(7) Bus 
£(02-07)-»ROA 
E(7) Bus 

FLR 

SAL(0-7) = 0 
DECIMAL 
ABC Incr = 0 
J(58--63) 
“PAL(63) = 1 

Al =0, J5=0 
PAL(40-63) = 0 


Stat G Bus 


A 


J2 


NO 
Be Pree 


DS141 


J102 
J103 
J120 
J98 

J122 
J123 


DSO7 1 


Ss a0 
eee 


DS 161 


J47 = 0. OFLO 
PAL (10-63) = 0 
Bs 512 Cry 

ROS 62-65 = 0101 
ROS 66-68 = 101 
J47 = 1 

PAL(63) = 1 
PAL(32~62)=0 
J47 = 0 

PAL (32-63) = 0 
J57 =0 


PAL(40-64) = 0 
ROS 62-65 = 0011 
SATR Sel Rec'd 
ROS 66-68 = 011 
ROS 66-68 = 000 
ST Bus 63 

ROS 62-65 = 0101 
ROS 66-68 = 001 
WD IOCE OP 


ROS 66-68 = 010 
Any IOCE Mck 
State 0, or Test 


Req Set PB Gated 
ROS 66-68 = 100 


J8 


J45 


380 


J10 


J9 


J27 


J40 


J4l 


J42 


J43 


J44 


> 


re Ee eee ee 


DS171 


Diagram 4-104. ROSAR (11) Logic 


3 


STAF =C 

STAT C = STAT F 
STAA 

STAT A Bus 

1C3 =3 

IC(21) =1 
1C(22) =1 
ISTAC 

Not STAT C Bus 
1F04@ 

F(04) = 0 

PAL Carry 32 


DIS-PB 

Pushbutton Gate 
Display PB 

ROS~PB 

Pushbutton Gate 

ROS Transfer PB 

SAS = 13 

Address Sequence = 13 
SAS =0 

Address Sequence = 0 
TCS/ST 


Timer Step or Stop Tgr or Interrupt 


STAB 

STAT B Bus 
STAH 

STAT H Bus 
M/DVD 
Dec Divide 
M/DVD 
Dec Multip] 
Dec DIV 
Dec Divide 


PSW-PB 

Pushbutton Gate 
Load PSW Pushbutton 
SB-PB 

Main Storage Byte 
UFLO 


SAL(0) = 1 

HOLD I/O 

Direct Control Hold 
JCRY4 

PAL(4) Car 

RELI/O 

Rel CPU 

ROS 62-65 = 0101 
ROS 66-68 = 110 
BS SAS = 18 

ROS 62-65 = 0000 
ROS 66-68 = 110 
IS. TCS 

ROS 62-65 = 0001 
ROS 66-68 = 100 
S&S LMT 


DECIMAL 

E(12-15) =0 

WI = (01-15) 

SAL(4-7) = (5-9) or (10-15 
NEXT INST *#D 

D(22) =1 

NEXT INST *IC 

1C(22) = 1 

ts W (01-02) 


SAL 2=1 
ROS Lth 62-68 = 1111101 
PAL 32-63 # 0 

PAL Carry 32 


T—-®RAR 
Force ROSAR (11) 
Gate ROSAR Scan or MC 


ww 
fo) 
rs 


= 
w 
oe ol | > | | > | p> | Es 


i 
oo 
eat 


JI8 


Ji4 


J25 
J85 
J53 
J49 
J69 
DS122 
J50 


J30 


uw 
a 
nN 


J46 


J6é 


J12 


DS151 


ABC = 0 

ABC = 0 
W-CRY 

Serial Carry Bus 
T(32) 

ST Bus 32 

JCRY 28 

PAL Carry 28 

1 


ABC =7 
- ABC = 111 


STC #3 
STC Iner # 011 
T/T eT 


Translate or Translate and Test 


3<STC 

STC Greater Than 3 
W =0 

SAL(O-7) = 0 


MCW04 

MCW(4) 

ERROR 

Input Error Detected 


CONTIN 
Continue Sequence 


XECTGR 

Execute in Progress Tor 
RCTR =0 

TIC or GAP and Not Repeat 


TES @ RR 

RR Format 
E(12-15) =0 

E3 #1 

Incr L (12-15) 41 
E3 = 255 

Incr L (8-11) = 15 
Incr L (12-15) = 15 
E3 #4 

E(12-15) 4 0100 
4< £3 


Incr L (12,13) #0 


LOGIC-COMP 


£(8-15) =0 


LOGIC-COMP 
‘STC =7 


JI =0, JI7=0 
PAL(7~31) = 0 
PAL(32-39) = 0 
PAL(40-63) = 0 
J1=O0/1, J17=0 
PAL(7-31) = 0 
PAL(32-39) = 0 
PAL(40-63) 


=0 
PAL(64-67) = 0 


DREG(18-23) 
D(23) =1 

EDIT 

E(7) =1 

EDMK Latch 
1C(21-22) 

1C(22) = 1 

STAE, FI SGN + 
F(4-7) #1011 or 1101 
SAS2,3,4 

Address Sequence 4 
STAD, STAG 

STAT G- Bus 
FLTP-UN, COMP 
Compare 

ALT, MS-TEST 


Test in Storage 


ROSAR 11 Fast Input 


K24 
A 
Set ROSAT 11 Scan or MC 


DS 208 


= 
N 


ES EEE 


uw 
ND 


J3 


J4 


JI 


I39 


J55 


J70 


J71 


J68 


J19 


J35 


J67 


J20 


J83 


J24 


J16 


J48 


J32 


J64 


J107 


J107 


Jiu 


J109 


J9%6 


J104 


599 


J101 


3110 


J108 


J105 


J124 


on 


DS111 


ca EEA Eee 


DS121 


Er eaes 


DS131 


a a alee 


DS141 


Ea 


DSO71 


g 
o > 
a 


ces 


DS075 


ESR eae eae 


DS075 


Z Set ROSAR 11 Normal 


DS101 


Normal Fast Set ROSAR 11 


DS365 


jor Normal Slow Set ROSAR 11 


DS365 


Not Inhibit Next 
Address 10-11 


Clock P3 


es 


OSAR(11) 


201-02 FEMDM (7/70) 4-104 


L/L) Tus ‘solr 


2. v 3 Vv 4 Vv 5 v 6 Vv 7 Vv 8 v 
A. ROS DRIVE LINE DECODE C, ROS SENSE AMPLIFIERS E. ROS SENSE LATCHES 
45 ns ’ Differential Sense Amplifiers 
ROSAR Bit O Upper Word 
TD A ss 
Bit Position [0] 1 12/3 [4 [5 [6] 71/8 [9 [tot] Gate C Planes 0,2,4,6 { | 
} | ssi Lotfi fofefopepofo]i[x] aio sane tne 
Clock P2 A Gate Drivers " ROS Pos 0 
Gate D Planes 9,11,13, 15 { Bit 0 Upper 
Bit 0 Sense Lines 
Bit 0 Lower 
To Gate D Planes 8, 10,12, 14 A OR 
Bit 0 Sense Lines FL 
KK211 EFOOI ‘< 
First. Level Decode FL 
KKO11 Bit 0 Lower Word 
ROSAR(0) = 0 lal) | 
ROSAR(I) = I ROSAR 0, 1,2= 011 aang iia i 
ser A 1, Bit 0 Sense Lines ROS Pos } 
ecules Second Level | Bit 1 Upper 
Decode Gate D Plones 9, 11, 13,15 { fF { | yA 
; ‘ Bit 0 Sense Lines i 
ROSAR(3) = 1 Drive 29 P7 QP1 - Bit 1 Lower ae ree 
ROSAR(4) =0 A ROSAR 3,4, 10 = 101 Gate D Planes 8, 10,12, uf 
ROSAR(I0) = 1 | Bit 0 Sense Lines 
KKO031 


Sa a tea -----+-+ 


B. ROS SELECT LINE DECODE | D. ROS SENSE LINE AND DRIVER DISTRIBUTION 


Clock P2 on | Gate Word Selects 


KK201 


cbse Beale 

trobe (PO + 160 ns) 

| A Strobe Upper Word = A 
ROSAR(11) FL 


Reset Sense Latches (PO + 120 ns) 


Gate C (Inside) 


Plane 7 Plane 5 Plane 3 Plane 1 


Ue TTS ek =i: 400 Sense 


: Lines 
| Bie qe cee et 
— 


Bit 99 Upper 


Bit 99 Lower 


First Level 


ROSAR(7) =0 
ROSAR(8) = 0 || A LROSAR7,8,9 = 000 
ROSAR()=0 =| | 


PO P4 P8 P12 P16 PO P4 PB P12 PG PO P4 
Drive 4 POT QPO 


KK151 


A Select 21 Gate D Planes 8-1 
ROSAR 5,6 = 
ROSAR(0) = 1 | | A 

|_| KK151 


10D 


| Drive 


ROSAR(0) = 0 Second Level : 
Array D 
ROSAR(5) = 0 is - Once Tray rivers 
CETTE ROSAR 5,6 = 00C 
@=o | | ja fy A. [Select 00 Gate € Planes 0-7 || » ae 
a Select 
KKIN 
| Strobe 
Select % Gate D Planes 8-15 
ROSAR 5,6 = 00D A A Sense Latch 
ROSAR(0) = 1 | | A 
= ate | oe ROSDR ides Pee ied 
ROSAR(7) = 1 . | ROSDR Latch ae fies i 
ROSAR(8) = 0 || Me ROSAR 7,8,9 = 10) 
ROSAR(9) = 1 | ROS TIMING 
ROSAR(0) = 0 | 
Oe ROSAR 5,6 = 10 . , 
: ROSeG =e a : Le Select 21 Gate C Planes 0-7 | ED281 
| EDI51 


Diagram 4-105. ROS Addressing and Data Flow (Sheet 1 of 2) 


WAW4a4 70-TOTL 


ZUS‘SOI-r (©L/L) 


2 Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 


8 Vv 
Q TR T 
80 82 84] 85] 86] 87 90 
82 


100 42 43 68 69 73 74 77 78 80 81 84 85 86 99 
Sense 2 
Latches 
(EF) 
2 42 69 73 74 77 78 | 80 82 84 
= : -= - 
ROSDR RY ROSDR AR ROSDR AP 
2 — . 35. 36 42 Base Address 
; of Next ROS 
. Word 
2 35 External 
Conditions 
i : 
Decoder : Decoder Decoder Over- 5 . Decoder Decoder Decoder 
aie unctional 
riding Y~Branch Z-Branch . 
Branch 
Branch 
Register Ingating ; Local Storage Main Storage Force New Serial Adder Parallel Adder Outgate to Outgate to 
Control Control Requests Address 0-11 Bus Control Bus Control Serial Adder Parallel Adder 


68,85 


3 = - 
ROSAR Latches ROSAR RX ROSBR DR,DS 
0 1] 
eae To Indicators To Indicators 
0 u 0 n 0 4 5 - 9 10 1 
) = 
PROSAR A RX PROSAR B RX To ROS Word Gate 
Drive Select 
Gate 
. : Line Line Legend: 
To Indicators To Indicators Decode Decoder Decoder * = Spare 


te = 


Parity 
trosar(i 1) set selects lower word 


Address Decoder 


To Selected Drive Line 


F. ROS DATA FLOW 


Diagram 4-105. ROS Addressing and Data Flow (Sheet 2 of 2) 


Select 0 


Select 1 


Select 2 


Select 19 


Select 20 


Select 21 


Drive 0 PO-QPO 


Dr 0-Sel 0 PO-QPO 


Dr 0-Sel 1 PO-QPO 


ED151 


Array Drivers 
3 through 18 
Not Shown 


Dr 0-Sel 19 PO-QPO 


ED151 


Dr 0-Sel 20 PO-QPO 


ED151 


A ; 
Dr 0-Sel 21 PO-QPO 
ED151 
cs cs 
Drive 1 PO-QP1 


ED101 ED101 


Diagram 4-106. Array Drivers 


4-106 (7/70) 


A 
Dr 1-Sel 0 PO-QP!1 Dr 63-Sel 0 P15-QP3 
ED161 
A 
Dr 1-Sel 1 PO-QP1 Dr 63-Sel 1 P15-QP3 
ED161 


+Select 1 


-Drive 63 P15-QP3 


‘ Dr 1-Sel 19 PO-QP1 Dr 63-Sel 19 P15-QP3 


ED161 ED461 
A 
Dr 1-Sel 20 PO-QP1 Dr 63-Sel 20 P15-QP3 
ED161 
A 
Dr 1-Sel 21 PO-QP} Dr 63-Sel 21 P?15-QP3 
ED161 


Drive 63 P15-QP3 


ED141 


Inhibit Ingating ¢ 


Disable or Scan Block Errors 


Not Parity Error Bits 6-42 oR | 
RYOI] 


Clock P0-2 


Edit SBA(4-7) to Z(4-7) 
Edit SBA(O-3) to SA Z(4-7) 
Edit SBA(0-7) to SA(0-7) 


Not Inhibit Local Clock 


Clock PO 


Clock PQ Forced 
ROSDR (2-5) 
ROSLTH (2-5) 
Decode 2-5 
Not Clock PO-1 
Not Decode 2-5 
ROSLTH(6~36) nN] 
RO SDR(6-36) ROSDR 
Latches 6-36 
Fon | Clock PO Forced bs Not Clock PO-1 
Not Clock PO-1 rein ie ga ota I ee 
FL 
A 
FL 
ae kon 


ROSDR (38-42) 


ROSLTH(38-42 A 
{ ) IN wl OR Decode 38-42 
re i 
FL 


Not Decode 38-42 


ROSLTH(69-73) IN ROSDR(69-73) 


A 
Clock P2 and Not ROS Chk E OR 
Not Clock P1 and Not ROS Chk —Ft 


Decode 69-73 


Not Decode 69-73 


RO SLTH(74-77) IN ROSDR(74-77) 
A 
ees, eee 
To To AR801 Not Decode 74-77 
78-80 and 78-80 and 
82-84 82-84 


Diagram 4-107. ROS Data Register 


Clock P2 and Not ROS Chk 


ROSDR(78-80) 


ROSLTH(78-80) 


Decode 78-80 


Not Clock PT and Not ROS Chk 


Not Decode 78-80 


Clock P2 and Not ROS Chk 


ROSLTH(82-84) 


Decode 82-84 


Not Clock Pl and Not ROS Chk 


Not Decode 82-84 


OR | Not Decode 6-36. 
FL. 


Decode 6-36 


Note: Initially, ROSDR is set to all 1's; 
a O ina sense laich position resets the 


corresponding ROSDR position. 


$ Only up during scan operations. 


2701-02 FEMDM (7/70) 4-107 


> 2 v S 
= 
D RD 
0 23 
21 22 
A 
> 
B 
> 
[ = ey 
1 4 | 1 | 4 
c Gamers 
| fo 4 
Diagram 4-201. Q-Register B-Field Transfer Controls 
D 
> 
E 
> 
F 
Local Storage 
Diagram 4-202. R-Register Transfer to LAL 
G 
> 
H 
> 


4-201, 202 (7/70) 


Branch End Op H ! 
GT 0 i t t 
0 3 16 19 32 35 48 51 
Normal End Op 
1 
a 
R RR 
0 15 
ai 
SS Format 
Predecode 
Logic . Not RR Format 


RR181 


ray 
3O8 


21 22 


= 

R RR 

0 15 
O17 8111215 


Predecode 
Logic 


RR GT 
Branch RQ781 
GT i 


End Op a 


E(8-11) + 1 to E(8-11) 


E(8-11) - 1 to E(8-11) 


E(12-15) = 0000 


£(8-15) - 1 to E(8-15) 


E(12-15) - 1 to E(12-15) 


E(12-15) + 1 to E(12-15) 


Constant to E(12-15) 


D(18-21) to E(12-15) 


Add 1 to E(8-11) 


E(14) 


Subtract 1 f 8-11 
ae ubtract I from E(8-11) j 
eae F re : 
¥ A 
E(8-11) to E(8-11) Constant 14 PY] i ie 
| A 
D(20 aia ES REI41 
2 apa cra 
A 
£(14) 
— =! 8 Not P2 
| Gate INCR(12-15) 
to (12-15) 
CEI 
E(14) . 
fc 
| aa 
CE141 
Add 1 to E(12-15) [Gate E(12-15) + 1 to E(12-15)] 


4 
Gate Constant to INCR(12-15) To INCR(12, 13) 
EER : 
Gate D(18-21) to INCR(12-15) HH 
a) i J 
Pacisers 
RRA + | cas 
pets ea a INCR(15) 2 i: 
He 4 9 Hp 
| : 
Constant 15 | REI41 
aa CEI41 
D(21) me ites 


Gate INCR(12-15) 
to E(12-15) 


Diagram 4-203. E-Register Incrementer, Bits 14 and 15 


2701-02 FEMDM 


(7/70) 4203 


Add 1 to E(12-15) Not E(8-15) Bits Even 
Not £(15) - A Change P(8-11) —T 


Not E(13) . meee ist 
E(14 a 
Change Parity of E(12-15) : } E(8-15) 
A Subtract 1 from (12-15 a A INCR(8-15) Gate INCR(8-11) to E(8-11) Parity 
E(15) ai eae Bits Even I= 
4 | ES EE 1” a 
E(13) , Gate INCR(12-15) to E(12-15 
Not E(14) 
; REIO1 REIOI 
am ee sic 
| 


E(8-15) Bits Even i 


CEITI Not Change P(8-11 


Diagram 4-204, E-Register Parity Prediction after Incrementing 


Not ROSDL(34) [Not Set IC(21)] 


> Not ROSDL(35) [Not Set 1C(22)] oe 


1C(21) . | Gs ROSDL(34) [Set 1C(21)] bodes 
a | 
Cc ee A ny [Parity Adjust ion ‘ IC P(16-23) 
Ha LA neriaae |_| | [= si 
ee Si cee Not Parity Adjust a - = 
jase IN 


1122) coe 


. Parity from PADDL 
iol oe Sa ROSDL(35) [Set 1C(22)] SPAT TAT R 
= Reset IC 
A 
i aaa FL 
CA241 
IC P(16-23) 
Clock PO 
Diagram 4-205. Parity Adjustment for IC (21, 22) Stepping 
PSW to ST Reg Bit 15 
LS Bit 15 Gate PSW(8-15) to S(8-15) 
LS Bus (15) 
9020 Bus Bit 15 Gate LS Bus (8-15) to $(8-15) 5(15) et 
SDBO(15 : 
Gate SDBO(8-15) to $(8-15) To SDBI(15) 
> SADDLI) To PAA(47) 
To PSW(15) 
Gate SADDL(0-7) to (8-15) 
RS141 To MPR Bus(7) 
RS14] 
~ Gate PSW(8-15) to (8-15) 
Gate LS Bus (8-15) to $(8-15) 
Gate SDBO(8-15) to $(8-15) 
Gate SADDL(0-7) to $(8-15) 
Not Data Key 15 
Data Keys to $(8-15) 
PSW to ST Reg Bit 16 
LS Bit 16 Gate PSW(16-23) to (16-23) 
EI LS Bus (16) . 
9020 Bus Bit 16 Gate LS Bus (16-23) to S(16-23) 5(16) er 
SDBO(16 
T 
Gate SDBO(16-23) to $(16-23 — a 
SADDL(0) 
Gate SADDL(0-7) to $(16-23) To MPR Bus (0) 
RSI61 To PSW(16) 
RSI61 


Gate PSW(16-23) to $(16-23) 

Gate LS Bus (16-23) to $(16-23) 
> Gate SDBO(16-23) to $(16-23 
Gate SADDL(0-7) to $(16-23) 


Not Data Key(16) 


Data Keys to $(16-23) 


Diagram 4-206. S-Register, Bits 15 and 16 


4-204-206 (7/70) 


Control 
Field F 


E(13-15) to ABC Incrementer 
1C(21-23) to ABC Incrementer 
ABC + 1 to ABC Incrementer 
ABC - 1 to ABC Incrementer 


Scan In Word 4 
PAL(61-63) to ABC 


Decode 
Logic 


Not 000 to ABC 


ABC to ABC Incrementer 


ABC Incrementer to ABC 


ABC 
pea, sii 
T(57-59) Bus ABC Incrementer ABC Incrementer =0 
Incrementer LO Output 
ward Decoder : 
ti 
PAL(61-63) ae 7 : 
Bus y 
ABC ri To AB 
Triggers Transfer 
5 | Logic 
6 
7 


Reset (P2 Not Clock) 


Reset (-P1 Clock) 


Diagram 4-207. AB Byte Counter 


7201-02 FEMDM (7/70) 4-207 


| Control 


Field F 


A E(13-15) to STC Incrementer 
D(21-23) to STC Incrementer 


STC + 1 to STC Incrementer 
STC - 1 to STC Incrementer 


ROS Control | 011 to STC Incrementer 


Field F 
> Decoder 100 to STC Incrementer 


Scan In Word 4 
PAL(61-63) to STC 


STC Incrementer to STC 
T(54-56) Bus 
PAL(61-63) 
Bus 
D Reset (-P1 Clock) 
Set/Reset (P1 Not Clock) 


Diagram 4-208. ST Byte Counter 


4-208 (7/70) 


£(13-15) Bus 
D(21-23) Bus 


Not 000 to STC 


STC to STC Incrementer 


STC 
Incrementer 
Decoding 
and 

Control 


Logic 


Reset (P2 Not Clock) 


STC 
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Latches 
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Incrementer 
Latches 


LO 


STC 


Incrementer 


Output 
Decoder 


Cs 


STC 


Output 
Decoder 


CS 


STC Incrementer = 0 


NTO PO fe fo [hy | — 


STC =0 


NEOPTOER] wlhti om 


To ST Byte 
Transfer 


Logic 


To ST Byte 
Input Logic 


ROS Control 
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Decoder 


DR Set Marks 
per STC 


Decoder 


Set Marks per STC 


Set Marks (0-3) 


Set Marks per PAL(61) 


N 
A oR 
os ae a 
CT031 L 
RATE Switch 
Late BCU Cleanup in SINGLE CYCLE 
for CPU Request STORAGE INHIBIT Position 
Store or Test and Set ‘A Reset Marks 
Clock Master Reset 
MC7I11 ie 
Mark Mark Bus 
Bus 
MB601 To Storage Unit 


Store on D Request 


D Request 
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MCI71 


Diagram 4-209. Mark Trigger Logic 
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A 


Ext Start Latch 


Alt Latch 
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CCR 7 
A 
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Reset (7) 
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Diagram 4-210. CCR Output Logic and Control Paths (Sheet 1 of 3) 
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Error Gate 
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CCR BITS 0-7 


The output of each latch in the CCR can be 
gated to the 9020 Out Bus (See Diagram 4-302. ) 


Note: 
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Error Gate | 
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Frame 10 
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v 
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Latched 
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— 
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Vv 


CE Console 
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Disable Timer Key 
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Inhibit CE Hardstop 
Key 
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CE System 
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L 
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a GEE 
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Ext Bus 12 aed ficees= 
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aa ae A= 
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E ry; [| f Tl 
Piet tT fT 
i 
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Caine i mies 
TTT 
= 
{i 
Ext Bus 17 
ae CCR Bit 17 SE 10/DE 5 
A L 
ft (17) || — 
as Seca’ 
‘ 
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control in the 
canpuring | UL —___ 
Ext Bus 19 element. ——— 
Cf a | e 
if 9) 
Ext Bus 20 
a A ; CCR Bit 20 
(20 A: [Sample WRD and RDD CE 1] 
) CEI.F., Good and Not Test CE 1 WRD Sig In 
Ext Bus 2] 
iz CCR Bit 21 
. A [Sample WRD and RDD CE 2 
(21) : CE2 |.F. Good and Not Test 
Ext Bus 22 
a A CCR Bit 22 
L A | Sample WRD and RDD CE 3 
(22) CEB I. F. Good and Not Test CE 1 RDD Sig In 
Ext Bus 23 
x CCR Bit 23 
Gate Ext Bus to CE bl ‘ A [Sample WRD ond RDD CE 4 
rary (23) CE4 1.F. Good and Not Test | 
Reset JA07) 


Tite A AAN OOD Nites T aacin and Canteal Pathe (Sheet 2 of 3) 


5 a 4 6 Vv 7 Vv 8 Vv 9 
[COR BITS 6-23) 


A Note: The output of each latch in the 


CCR can be gated to the 9020 Out Bus 
(See Diagram 4-302). Search Equal 


SE 1 
SE 1 Select Latch 
(MC511) 


Switch Decode SE _1 
Search Compare A SE 
jon Compare 


Select Pulse SE 1 
Delayed inv.Add. Bus 
Frame_1 Valid 


Any Frame Valid 


| PSBAR Configered 


Set Inhibit 


Allow Inhibit 


Inhibit Frame } SBO Gate Frame | 


Step PSBAR Enable 1-5 


SE 10/DE_5 Select Latch 
Delayed Inv Add Bus L_ [(cé01) 


Select Pulse SE 10/DE 5 
Step PSBAR Enable 6-10 


Frame 10 Valid 


Set Inhibit 


Allow Inhibit 


Search Compare A 
Switch Decode SE 10 


CE 1 Hold WDD 
CEL WRO CE 1 WRD Int Tor 


r—— Jay ts] 


CELROD_ CE 1 RDD Int Tgr 


mmm i 


JA21} JA211 
Sample Ext Tgrs 
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Vv 
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we 
< 
rN 
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oT 


CCR BITS 24-31 


Ext Bus 24 
Note: 
; : 
(24) The output of each latch 
in the CCR can be gated 
to the 9020 Out Bus 
Ext Bus 25 (See Diagram 4-302). 
pA ; ; 
hess L |/O Int Gate 
| Int R 
ij 25) “CCR Bit 29 /O Int Reg 
I/O Int Req 1 & 
Ext Bus 26. Not Inhibit 
Not used for 
al A L control in the 
(26) computing element. CCR Bit 30 KM311 | 
Ha] r I/O Int Reg IOCE 2 
‘1/0 Int Reg 2°& | 
Ext Bus 27 Not Inhibit 
rl+ Tree 
(27) CCR Bit 31 
Ext Bus 28 
tes & 
(28) 
. a 
Ext Bus 29 , Beneies i IOCE MCK Int Reg 
ae L | Mach CK | 
ac nt Reg 1 & 
4 e) Not Inhibit 
Ext Bus 30 | 
Zz CCR Bit 30 
A L 
30 Mach CK Int Reg 2 
( ) Not Inhibit _ 
Ext Bus 31 
Ti+ rf 
3 Mach CK Int Reg 3 
eras a FC301 81) Not Inhibit 
Reset Interrupt Priority 


Diagram 4-210. CCR Output Logic and Control Paths (Sheet 3 of 3) 


I/O Int Reg IOCE 1 
= Response IOCE 3 


“4 1/O Int Reg IOCE 3 
t 
\/O Int Reg 3 & 
Not Inhibit 
Gate PIR to AN] 


6 Vv 7 Vv 8 Vv 


Inhibit Response 


Response IOCE 1 


Release CPU Latch 
Response IOCE 2 


IOCE 1 Ext Int 


1OCE 2 Ext Int 


OCE 3 Ext Int 


MCK Int Priority 


my IOCE 1 MCK Int Reg & Priority 
eles |OCE 2 MCK Int Reg & Priority 


rs Any IOCE MCK Reg 


KM331 


IOCE Response 
Set Release {/O 


TUS TIZb ©OL/L) WAWaA 70-TO7L 


(Z JO T 3904S) JOXTP| CLA SUTHeULIOJOY AK 01 WT “TIZ-p wesiserq 


2 Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 
RPSB Instruction 
FMTO 


nese STS Teal open Se eae ae 2 a CE 7 eee ee ee eae ne ee 


5 cae ae aR 20 23 24 25 26 27 28 29 30 = 31 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 #49 50 51 52 ae aes 55 56 57 58 59 60 61 62 63 


FMTO-0 


Mixer 
Control FMTO-1 
Micro-orders FMTO-2 


FMTO=4 
FMTO-5, 6 


MIXER OUTPUT 
TO XY REGISTER 


24 25 26 27 28 29 30 31 33. 34 35 «436 «6370 «38 «(389) «40 «241 42 «26430: 44 45 46 47 «48 «249 «50 251 «(52 «(53 «(54 «(55 (56 (57 «(58 O59 «660 661 662 63 


FMTN 


wesronmer ————s[o[s[ nin Tu Jo [s 2 COS =) 


9 10 12 4 °#15 #+%% 17 1 19 20 21 22 23 24 25 26 27 28° 29 30 31 32. 33 34 «(35 «36 387) 38 39 40 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 


FMTN-O en ts ral AA 
Mixer FMTN-1 0: 2 a a emanate 3] 


Control FMTN-2 
Micro-orders FMTN-5 


FMTN~6 


wae curr, ————x [To] ]o] ofan] en s | 
TO XY REGISTER 
0 1 2 3 4 5 6 7 8 9 


24 25 26 27 28 29 30 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 #48 #49 #50 51 52 53 54 55 56 57 58 59 60 61 62 63 


CVWL instruction 


Input to Mixer for FATW-0 Note: L register does not supply input to 


mixer during CVWL instruction. 
32 33 34 35 «636: «=—337) 338 «239 «040 «241 42 «43 4445 46 47 4849 55 56 57 58 


Input to Mixer for FMTW~1 


Input to Mixer for FMTW-2 -——— 


Mixer Fl Fl 37 34 35 : . 56 57 FO 49 
Control ; | 
Micro-orders 


MIXER OUTPUT __ 


TO XY REGISTER . 
17 1 19 20 21 22 23 «24 «25 26 27) «28 29 30 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 "54 55 56 57 58 59 60 61 62 63 


Notes: Legend: 

1. To trace the origin of a mixer output bit: (1) select chart for specific originates from bit 40 of the LM-register. Note also that FMTN-0, 1. FO = Bit forced to 0 
instruction, RPSB or CVWL; (2) if RPSB is selected, refer to FMTO or 5, and 6 do not set bit 8 and that FMTN~1 and 2 set bit 8 from the 2. Fl = Bit forced to } 
FMTN portion of chart; (3) find bit to be traced in XY register and; input bit 8 in the LM register, 3, BR = Brightness bit AYS = Sign of SY2 
(4) follow the line up to the micro-order being issued. For example, 2. Parity for all XY bytes is predicted from LM data parity and LM BL = Blink bit OXS = Sign of AX2 
assume an RPSB instruction and an FMTN micro-order and assume bit parity bits, S = Symbol size CO = Character at major position 
8 is to be traced. Refer to the RPSB instruction chart, FMTN portion, 3, XY register is reset on receipt of either FMTO; FMTN-1, -2, <7; DA = Dash C1 = Character at secondary position 
XY register. Find bit 8 in the XY register and follow the line up to the or FMTW-0,. DL = Dash length * = Not used 


specific micro-order. If the specific micro~order is an FMTN-7, bit 8 


, Ed = 

RE 

92, 9596 15 
56\92_95\ 13__15 . LM Reg 


(10001) SDBO 8 LM Reg Bit 8 
A (10010) Set LM Line B 7 
—(10011) E(13-15) = 000 Reset LM Line B 
Format Old 
E(13-15)=001 || 


E(13-15) = 010 


FMTO-0-1-2 Line A XL111 


Mixer 
E(13-15) = 001 
E(13-15) = 010 A ; 
) a FMTN-1-2 Line A 
SDBO 36 LM Reg Bit 36] 
| =r : A XY Reg 
US a . 

7 E(14~-15) = 00 Set LM Line F*T Bit 8 XY Reg to SDBI Bit 8 


/ . = 
FMTW-0 Line A A 
XX111 
LM Reg Bit 40 
> E(13-15) = 111 
FMTN-7 Line A 


E(13-15) = 100 
" Set LM Line L LM Reg Bit 56 XMO081 


E(13=-15) = 101 ST Bus 56 
Set Line M*T 


E(13-15) = 110 


FMTO~4-5~6 Line A 


Diagram 4-211. LM to XY Reformatting via Mixer (Sheet 2 of 2) 
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LM Reg Bit PI Is 1 
FMTO-4-5-6 

LM Reg Bit P7 Is 1 
FMTN-1-2 


LM Reg Bit PO IS 0 


LM Reg Bit 0 Is 0 
LM Reg Bit 8 Is 1 


LM Reg Bit PO Is 1 
LM Reg Bit 0 Is I 


LM Reg Bit 8 Is 0 


LM Reg Bit P4 Is 0 
LM Reg Bit 32 Is 0 
LM Reg Bit 40 Is 1 
LM Reg Bit 32 Is 1 
LM Reg Bit P4 Is 1 


LM Reg Bit 40 Is 0 


FMTN-7 
FMTW-0 


LM Reg Bit P5 Is 0 
LM Reg Bit 36 Is 0 


LM Reg Bit P5 Is 1 
LM Reg Bit 36 Is 1 


FMTO-4-5-6 
FMTO-0-1-2 

LM Reg Bit Pé Is 1 
FMTN-0-1 

LM Reg Bit P7 Is 1. 


FMTN-6 
LM Reg Bit P3 Is 1 


FMTW-2 
LM Reg Bits 54-55 Even 
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LM Reg Bits 56-59 Odd 
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Diagram 4-212. XY Register Parity Prediction Logic 


Set XY Byte 0 Parity to 1 
Set XY Byte 1 Parity to 1 
Set XY Byte 2 Parity to 1 
Set XY Byte 3 Parity to 1 


Set XY Byte 4 Parity to 1 
Set XY Byte 5 Parity to 1 
Set XY Byte 6 Parity to 1 


Set XY Byte 7 Parity to 1 
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(7/70). 4-212 


2 Vv 3 v 4 v 5 Vv 


Clock P1 ST Bus (32) To 9020 Out Bus Bit (0) 
: N Select . 
Register eatecy 
ROS (36-37) =00 Wissen Gate T (32-39) to Select (0-7) L Timing Gate Trigger ‘ and Response PAM 1 or RCU 1 
7 rite Select Reg 
ROS (36-42) =0000011 Reset Sel Reg 0-7 STAT G for Scon Select 
FS501 $$ 


}OR FF (0) 


DR171 (True Multiplex Line) 


Timing Gate Trigger 


Gote Select to T vf 


Respense PAM 1 or RCU | 


Select Reg (0) Reset 
from PAM 1 or RCU 1 


To 9020 Out Bus Bit (8) 


ST Bus (40) | 


FS511 
k 
Clock PI 
ROS (36-37) = 00 : Gate T (40-47) to Select (8-15) L Tining Gare tage: Reconfigure Select SE T 
A Write Select Reg A aTaee: = A : 
ROS (36-42) = 0000011 FS501 Reset Sel Reg (8-15) ‘or Scon Select 


DRI71 


(8) 
oi ' 
| 


Timing Gate Trigger 


Gate Select to T | 
Select Reg (8) Reset from SE 1} 
Select to SE 1 via CE-to-SE F J 
Recon Accept 1 Simplex Cable. ; 
FS511 : 
| 


Reset Response from SE 1 via 
4 SE-to-CE Simplex Cable. 


Diagram 4-213. Select Register - Select Signal Generation and Response Reset: 


4-213 (7/70) 


Toe-b (L/L) WANA 7Z0-107L 


2 Vv 3 Vv 4 Vv 5 v 6 Vv 7 Vv 8 Vv 9 


LAL (Read) 
° LAL(0) Decode LS Reg 0 Gate LS Reg 0 
| \ Decode LS Reg 1 
| | | LAL(Read) 
| _ tt Decoder 
Decode LS Reg 24 
| l | LAL(1) 
ne a a onl. 
| 
LS Address from Q i 
I | | _ LAR(0) Write Decode Reg 0 
LS Address from R | TSB | T | Write Decode Reg 1 Gate T to LS Reg 0 
LS Address from E 1 2 | LAL(2) | - LAR (Write) 
Gate Working Reg (24) to LAR | L | I _| Decoder LS411 
Force LAL(0) to 1(Fit-Pt) | | a iy Write Decode Reg 24 
H Field  ROS(36-42) Hi | = LAR(I 
| | | 
: LAL(3) | | 
| | | Write 
| | | aes ; Local Store. 
| | | : — | LAR(2) T = 
| Cseri | 7 
- LAL(4) ad | 
| | | 
Not Clock | | Clock | LSe51 | LS812 
| | | 2 —— LAR(3) 
| | | | 
LS812 
eee eee a | | 
From Write Local Storage | | 
ROSDR | L861 ! 
| 4 LAR(4) 
1 gt 
| 
| 
PO P8 PO P8 PO 7 
LS861 | 
Clock 80ns tee | ee cee 
-PT Clock 
Set LAL Latches je EERE, 
Set LAR (Write) Triggers : : ee] ST Bus (32) Bit 0 (Reg 0) | 
LAR (Write) Decoder Output ; SE RES , ST Bus (33) | LS Data Bus 0 
rom 
Write LS Write-LS Trigger : T-Register | 
Operation | Bit 0 (Reg 24) 
Gate T to LS Regn 
ae cer Minimum 40-ns ST Bus (63) | 
ST Bus Data 0° aye coincidence | E A LBitl (Reg 0) | 
SI) required. l 
| 
1 
Serer Eve pate ante eat VZTILLLLA | ce | Sn To ST 
baat | | ison |i ag 20 
| Positions 2 through 30 are not shown. | 
| ; 
Set LAL Latches =e : ay | 
Bit 31 (Reg 0) 
ee Decoder Ts rs Saadiiaiiaiemeniions' Note: LS Registers 1-24 | 
Read LS Umpu are similar to | | 
Operation Gate LS Reg n (EE e eee register: { LS Data Bus 31 
Polarity-Hold Data a : a ey | LS REGISTER O i Bit 31 (Reg 24 
Available aa ea ee 
Set LS Bus Data into ST OUTTA 


Diagram 4-301. Local Storage Read/Write Controls 


‘CCRO BF501 
Gate CCR to LS Bus (0-8) BF731 
ATR-1 0 BF501 
Gate ATR-1 to LS Bus (0-8) Be721| A 
ATR=2 0 BF501 
Gate ATR-2 to LS Bus BF731 
CHECK REG 0 BF501 


GATE CK REG to LS BUS (0-7) —BF731 
Ext Bus 0 BF501 
Gate Ext Bus to LS Bus (0-7) BF73} 


"ST Bus (32) 
Ext Reg 0 BF501 


> 
a 


Gate Ext Reg to LS Bus (00-07) BF721 
Gate T to LS Reg 0 LS Output Bus 0 


Bit 0 (Reg 24) 


Select Reg 0 BF501 


Gate LS Reg 0 LSO01 


Gate Sel Reg to LS Bys (0-7) BF721 


DAR 0 .,_ «BF501 


9020 Out Bus Bif 0 


Gate DAR to LS Bus (0-7)" BF731 


DAR 0 BF501 
ST Bus (32) 


=r | Pda] Bit 1 (Reg 0) 
LS Output Bus 1 


Gate DAR Mask to LS Bus (0-7) BF72) 


FEEL EEIE 
‘| 
| 
| 
| 
| 
| 
| 
a” 


ae Bit 2 (Reg 24) 
From = 1 
Bit of TSOT] 
Logic | 

J 9020 Out Bus Bit 01 
_ | 
— ST Bus (63) Bit 31 


LS Output Bus 31 


PH fa as [Bit 31 Reg 0) 
CCR 31 BE591 BFON] | 


Gate CCR to LS Bus (24-31) BF711 


| Bit 31 (Reg 24) 
LS31? 


ATR-1 31 ae) | | L311 


Gate ATR~1 to LS Bus (24-31) BF701 9020 Out Bus Bit 31 


ATR-2 31 BF591 


| LS Register 0 | 


Note: LS register 1-24 
are similar to register 0. 


Gate ATR-2 to LS Bus BF711] A 
PSBAR 31 BF591 
Gate PSBAR to LS Bus BF7oi| * BFSTI 
G Reg Bit 7 BF601 
* Gate G Req to LS Bus (24-31) BF711 
Ext Bus 31 BF591 
Gate Ext Reg to LS Bus (24-31) BF711 
Ext Reg 31 BF591 
Gate Ext Bus to LS Bus (24-31) BF701 
Select Reg 31 BF591 
Gate Sel Reg to LS Bus (24-31) BF701 


‘DAR Mask 31 BF591 


‘Gate DAR Mask to LS Bus (24-31)BF701] A 


Diagram 4-302. 9020 Out Bus to LS Data Bus Gating Logic 


4-302 (7/70) 
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LS Bus ] 
LS Bus 2 
LS Bus 3 
LS Bus 4 
LS Bus 5 
LS Bus 6 
LS Bus 7 


Generating LS Bus Parity 


LS Bus P(0-7) 


LS Bus 8 

LS Bus 9 

LS Bus 10 
LS Bus 11 
LS Bus 12 
LS Bus 13 
LS Bus 14 
LS Bus 15 


LS Bus P(8-15) 


"LS Bus 16 
LS Bus 17 
LS Bus 18 
LS Bus 19 
LS Bus 20 
LS Bus 21 
LS Bus 22 
LS Bus 23 


LS Bus P(16-23) 


LS Bus 24 
LS Bus 25 
LS Bus 26 
LS Bus 27 
LS Bus 28 - 
LS Bus 29 
LS Bus 30 
LS Bus 31 _ 


LS Bus P(24-31) 


Diagram 4-303. LS Bus Parity Generation or Check 
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Error on LS Bus (0-7) 


LS Bus P(O-7). 


Error on LS Bus (8-15 


LS Bus P(8-15) 


Error on LS Bus (16-23) 


LS Bus P(16-23) 


Error on LS Bus (24-31) 


LS Bus P(24~-31) 


Not Generating LS Bus Parity 


Ingate LS to S or T Reg 
(Not) Block I-Fetch 


LS Bus Check 
(Ck Reg Bit 17) 
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Latch 86 = 1 


2 Vv 3 Vv 4 Vv 5 v 


Serial Adder Bus A 


Not 0 to SA(0) ft 


SBA(0-3) to SA(O-3) T or T+ 6 
SBA(0) A 
Not ASCII Code Zonet 
IN SAA(0) 


F to SBA 


SBA(0~3) to SA(0-3) CT 
SBA(4~7) to SA(0-3) Tt 


1 to SA(O)T 


Excess—-b 


AROO1 
Cae 
SAA(1-6) 
~ 
SBA(4~7) to SA(4-7) T or T+ 6T 
SBA(7) 
SBA(7) 
Gate A(0-7) Not SBA(6) A 
AB te SBA to SBA Sign Correct SBA(4-7) f 
Clock’ ii 
A Not SB SAA(7) 
aac =o00 | | | NO) sew 


Sign Correct SBA(4~7) 


RB801 RB733 


Aa) | | A 


SBA(4-7) to SA(4-7) Ct 


SBA(0-3) to SA(4~7) T 
AR021 ARO61 


fT ROS Micro-order 


RB735 tt Gate Control Triggers 
Gate A(8-15) RB737 
to SBA 
TT 
A 
asc=o01 | | | 
RBSOT 
Gate B(56-63 
to SBA 
Ttt 
ABC =111 Ee (56) | | A 
RBB03 RB7AT 
RB743 
B(60) | A 
RB743 A-Side 
RB745 


Diagram 4-401. Serial Adder Input Bus Logic 


ROSDR 81 = 1 

Clock 
ROSDR 12-15 = (1010) 

Clock : 


ROSDR 12-15 = (1110) 
Clock 


| ST to SBB 


Clock 


Ll a 
STC = 000 aan 


LT a 
STC = 001 ae 


sTt¢=111 


B - Side 


7 Vv 8 


Gate ROSDR Serial Adder Bus B 


21-24 to Emit (0) 


SBB 0-3 i 
T 
Emit (3) 
Mics 


Gate N(0-7) ri 
to SBB N Bit (0) 


T 
N Bit (7) 
al 


ARSO} 


_aa 
Gate N(8-15) N Bit (8) Pt tt 
to SBB aa 
T 
we | PCL 
- a 
Gate S(0-7) 
to SBB i 
” : 
s3)__|_| 
$(4) 
Gate $(8-15) 
to SBB 


S(7) 


Gate T(56-63) 


to SBB 
T 
¥ = : 
159) || 
160) || 
1(63) 


Not 0 to SB(0) 
SBB(0-3) to $8(0-3) 
SBB(0) 


Sub 1 Lo Dig or + 64 
or 9 00-03 


5BB(0-3) to SBB(4~7) 
5BB(3) 


SBB(4-7) to $B(4-7) 
$BB(07) 


Sub 1 or + 1 Lo Dig 
or - to 04-07 


SAB(O) 


SAB(1-6) 


~ 


SAB(7) 


SAA(0) 


Bit Carry (0) 
SAB(0) 
Serial Carry 


pL Carry into SAL(0) 
best 
Bit Carry (2) 


Developed Carry into (0) 


Bit Transmit (0) 


AS001 Carry into Group 2 Bit 3 
Bit Transmit (3) 
Bit Transmit (2) 


Bit Transmit (1) 


SAA(1) 


‘ Bit Carry (1) 
SAB(1) 


Bit Transmit (1) 


TT |. Praveen a 
ASOM 
a ia ss 


i Carry into Group 2 Bit 3 


el 


SAA (2) 
Bit Carry (2) 
SAB(2) 


es 


i Bit Carry (3) 
or | Bit Transmit (2) Bit | Bit Cary (2) (2) 


Carry into Group 2 Bit 3 


SAA (3) a Bit Transmit (3) Carry into SAL(2) 
Py Bit Carry (3) as; Bit Carry (3) 


AS021 


Carry into SAL(I) 


ASO11 


SAB(3) 


Bit Transmit (3) 


ASO031 
Carry out of Group 1 , Carry into Group 2 Bit 3 Carry into SAL(3) 


Diagram 4-402. Carry Lookahead Logic, SAL(0-3) 


SBA(0) from AB or F 


SBA(0-3) to SA(Q-3) T or T+ 6F 


SBA (I) : ices 
A 
SBA(2) i 
| a 
AROOT 
SBA (1) 
z saath 
SBA (2) |_| 
Eas " 
AROO1 
SBA (2) N . 
Pa ad 
. ARO21 
SBA(3) 
AR021 


t ROS Micro-order 


Diagram 4-403. Decimal Add 6 Logic 
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SAA(0) 


Bit Carry (0) 
A 
SAB(0) 


AS001 
Half Sum (0) 


Carry In ae 


08 | Bit Transmit (0) 
Loh: 


No SADDL Carry Group 2 
} A Decimal Correction N af 
DEC COR (0-3) | SAL(0) 
‘ L 
A 
AS001 
SAL(1) 
Carry into 1] af 
Half Sum (1) 
ASO 
D Carry into 2 SAL(2) 
Half Sum (2) L 
A 
b AS02} 
AS021 
Half Sum (3) and No Carry In SAL(3) 
Carry In and No Half Sum (3) oR L 
FROS Micro-order 
AS031 
Diagram 4-404. Decimal Correction Logic For SAL (0-3) 


SBA(T) 
|_| 
SBA(2) 


AR101 
SBA(5) 
SBA(4) 
> | Invalid Digit 
, Decimal Correction F 1's to SAL 
ARION AGO ‘orce 1's to 


SBB(T) N Invalid Sign 

mn) E 

G Es | 
SBB(2) 


SBB(5) 
> & 
SBB(6) 


Diagram 4-405. Invalid Digit Logic 


4-404, 405 (7/70) 


Bit Carry (0) 


Bit Transmit (0) 


Half Sum (0) 


SAL(O) 


tros Micro-order 


Diagram 4-406. Logical Functions, SAL (0) 


Not Bit Transmit (1) 
Bit Transmit (2) 
Bit Carry (3) ee FF 
Not Bit Carry (2) fellas cf Eight 4-Way AND's 
= S034 
Bit Carry (1) K1 (0-3) : 
A 
gag 
Half Sum (0) 


Odd Transmit Bits (1-3) 


Bit Transmit (1) 
Bit Carry (2) 1 0 O 1 0 ; ee 
OR 
Not Bit Transmit (1) AS034 


Bit Carry (3) 
Not Bit Transmit (3) 


Eight 4-Way AND's 
AS075 


Even Parity Bits (0-3) 


; ie Even Parity Bits (4-7) 
Bit Carry (2) | | | K3 (0-3) 


LS . K3 (4-7) 
Bit Transmit (2) 1 1 oO 1 o 1 Oo Oo 
Carry into Group 2 . Serer ey 


Not Half Sum (2) AS032 . 


ox 
esepiie. «jf 
Half Sum (2) | 


ASO075 


Not Half Sum (1) Arithmetic Set Parity Sida 
Carry into (1) A Parity 
Not Logical Operation A (0-7) 
Lp Force SAL Ones Block Error L 
| 

Half Sum (1) 
Not Carry out of Group 2 AS075 
Decimal Correction panse OE Functiont 


OR Function t 


* OE Transmit Bits (0-7) IN | | 
SBA Parity 
(Odd Number of Bits) hes} 
SBA Parity Adjust OE Par A - Par Band Parity Adjust ae 
AR582 AND Functiont & t 
ROS Micro-order 


SBB Parity ASO075 Note: Shaded area indicates additional 


z 
| a Logical Set Parity 


controls for decimal operations only. 
SBB Parity Adjust 


Diagram 4-407. Serial Adder Parity Predict Logic 
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Dec-order U13; 
> Gate T(32-63) to Parallel 
Adder A-side (32-63). 


2 v v 4 v 5 
B(66 - 
B(66,67) to SAL(0-7) 
A(28 
Dvd Sel L1 Ins Prod Quot Bits to SAL(O,2,4, or 6) 
Floating-Point 
A(4) 
Invert Predicted Parity 
{Turn on K2(4-7)] 
Dvd Sel LO Ins 
Prod Quot Bits to SAL(1,3,5, or 7) 
A(28) 
B(67 
B B(66,67) to SAL(0-7 
ASII1 
Diagram 4-408. Serial Adder Product-Quotient Bit Logic 
Roller 5 
Position 4 
B(32) AB-PADDB 
ROS (87) Gate B(32-63) Bit 21 j Bus 32 
ROS(89) to PADDB(32-63) B(32-39) - PADDB(32-39) 
a 
C ROS (90) T _ B(40-47) - PADDB(40-47) RB71I 
B(48-55) - PADDB(48-55) 
PT 
B(56-63) - PADDB(56-63 AB-PADDB 
RB813 { ‘ Bus 33 
B(33) E . 
RB711 
A. T-Field Gate Control Trigger; 
‘B' Micro-order (1011); 
Dec-order T11; AB-PADDB 
Gate B(32-63) to Parallel Bus 39 
Adder B-Side (32-63). 
RB713 
i Roller 5 
(=) Position 4 1(32) ST-PADDA 
> ROS(92) Gate 1(32-63) Bit 1 Bus 32 
A us 3 
ROS (93) n fe TAR DASE S9) 1(82-39) - PADDA(32-39) 
ROS(94) 1s - : 
T(40-47) - PADDA(40-47) RT715 
T(48-55) - PADDA(48-55) 
e T(56-63) - PADDA(56-63) . ST-PADDA 
RT807 i A Bus 33 
T(33) 
RT715 
B. U-Field Gate Control Trigger; 
'4T' Micro-order (1110); ST-PADDA 


Bus 39 


Diagram 4-409. Gate Control Triggers for ‘B + T’ Micro-order 


4-408, 409 (7/70) 


Group 
15 14 13 11 10 8 7 6 5 4 3 2 | 
4 7418 W1pl2 15 20 23124 2 32 35136 391/40 43/44 47,48 51]52 5356 59]60 63 


Latch-Shifter Logic 


4 


D Bus 47 | 
K Bus 47 
ST Bus 47 
RT727 A Operand 
All 1's to PAA jon Bit Transmit 


Bit Transmit 47 


To Carry 
Lookahead Logic 


AB to PAB(47) Bit Corry 47 
B Operand Re a 
IC to PAB(47) 
AP471 ; A Hal f-Sum 47 
| | Not Bit Carry 
Half-Adder Logic (Bit 47) 
Ce a ae eed 
Half-Sum 47 
>> ee ee 7] 
Bit Carry 48 | 
Bit Transmit 48 | 
ee may | 
eo | = 
Bit Transmit 49 aan A 
Bit Carry 50 a 
—_ pO Carry into’ Bit 47 
Bit Transmit 50 A | 
Bit Carry 5] | 
Not Group 4 Carry ie Full-Sum Logic (Bit 47) J 
ary | ae l EE NG a i ais ay ee 
| AP471 | | 
| | Zero Shiftt (—») | 
[Sanyo Bitea? Logic Sum 51 l 
A a um 
Left-4 Shift? (L—>) PAL(47) 
* A 'not group 4 carry signal indicates that on actual Sum 43 | Latch-Shifter 47 
carry from group 4 (positions 48, 49, 50, and 51) has - 5 L | 
not occurred, thus allowing a predicted carry (carry- Right-4 Shift t (R—>) A 
into-group~5) to enter bit position 47. The absence Scan Out 47 
of a 'not group 4 carry" signal (indication an actual —— Extended Clock | 
carry) inhibits predicted carries from entering bit Scan Bypass A | 
position 47. Sum 46 
Right-1 Shift (s R1—> A 
ROS Micro-order. 2 ual B ia ieat ae | 
L_ atch-Shifter 


tt Predicted Carry 


Diagram 4-410. Parallel Adder Bit-Position Logic (Bit 47) 
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| Section 4 Section | Section | | Section? | 2 | Section! | } : 
ee | 
| 
1 
11412 20 23)]24 27128 31/32 35|36 39/40 43144 47|48 51152 55156 59460 63 i S 
Latch-Shifter L | 
atch-Shifter Logie 63 64 _675 
Bit 63 T: it 
it cose Hot Carry . AR ; Carry into Section } 
Bit 62 Transmit 
, Group } Transmit 
Bit 61 Transmit A AP651 
Bit 60 Transmit iia Section 1 Transmit 
Group 3 Transmit A : 
AP637 A 2 
Group 4 Transmit Carry into Section 2 
AP641 fe ee 
Bit 48 Carry 
AP651 
Bit 49 Carry 
Bit 48 Transmit 
Bit 50 Carry | 
Bit 49 T it 
: cadet - A Group 4 Carry 
a Group 3 Carry 
Group 4 Transmit 
Bit 50 Transmit A awe : a H Section 2 Transmit ‘“ Carry‘into Section 3 
- foup 3 trenanit ‘arry into Section 
Bit 51 Corry = A Section I Carry OR 
a 7 ley 
Section 2 Carry aime. 
Group 2 Transmit A 
AP651 
Group 1 Carry 
AP641 
Section 3 Transmit . 
Carry into Section 4 
Section 3 Carry / 
AP661 
Bit Carry 32 
Bit Corry 33 
Bit Carry 34 | | 
= into Bit 31 Full-S 
Bit Transmit 32 |_| i eld Lagi (31 ) 
Bit Transmit 33 | | : 
Bit Transmit 34 A 
Bit Carry 35 
Not Group 8 Carry ~ 4 
R Carry into Group 9 
A AP311 
“BITS AP311 
Group 9 Carry cslcnk! 


es Carry into Group 10 Carry into Bit 30 Full-Sum 
A 7 : Logie (30) 
Group 9 Transmit | Bit Transmit 31 
A 
: AP3I9 E 
Group 10 Carry 
Bit Carry 30 AP301 


10 Ti it 
> oo = Carry into Group 11 


Bit Transmit 30 


Full-Sum 
Logic (29) 


Group 11 Carry 
Bit Carry 29 


Group 11 Transmit 


Carry into Group 12 


Carry into Bit 28 
ad Full-Sum 


Logie (28) 


cee 7 
Lf ya 
Bit Transmit 29 L | A 
N 
AP281 
PO PB PO AP281 
CPU Clock 
Bit Carry/Transmit SETS, 
Group Carry/Transmit Ee, 
Section Carry/Transmit . el, 
Carry into Section “4 eee, 
Carry into Group , ES , 
‘ * 
> Carry into Bit Cll > 2d, 
Full Sum Development ess, 


* Timing for direct carry not requiring a 
carry lookchead group carry. 


Diagram 4-411. Parallel Adder Carry Lookahead Logic 


4-411 (7/70) 


48 Half-Sum 

Not 49 Bit Transmit OE 

Not 50 Bit Transmit Odd 
Detect 

Not 51 Bit Transmit Logic 
AP513 

49 Half-Sum 

50 Bit Carry 

51 Bit Carry 

Not 49 Half-Sum A 

50 Half-Sum bos] 
A 


Carry into Group 4 


Not 51 Half-Sum 


Duplicate logic is used for generating 
parity~predict signals of opposite polarity 
simultaneously (without use of additional 
inversion function). 


Not Bits 48-51 Odd 


Nf Bits 48-51 Odd 


A. Parity Predict, PAL(48-51) 


ae 4-Shift 


Predict 44-47 Not Odd 
Right 4-Shift 


Predict 44-47 Odd 


AP473 - 


Predict 48-51 Not Odd 
Predict 52-55 Not Odd 


PAL(48-55) 
Parity Parity 
Predict L 
PAL(52-55) 
P2 Clock Extended 
AP555 


Parity 
Predict Left 4-Shift 


PAL(56-59) 


Predict 56-59 Not Odd 


AP593 a _ 
Not Sum 55 2 ieee 


Right 1 Shift a A 
Ra 
Sum 55 


B. Parity Latch-Shifter Logic, PAL(48-55) 


Diagram 4-412, Parity Generation, PAL (48-55) 
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Half-Sum 55 
Half-Sum 54 
Half-Sum 53 
Half-Sum 52 


Half-Sum 51 
Half-Sum 50 
Half-Sum 49 


Half-Sum 48 


A-Side Parity Bit for 48-55 
B-Side Parity Bit for 48-55 


Half-Sum Error 48-55 
Half-Sum Error 56-67 
Half-Sum Error 40-47 
Half-Sum Error 32-39 


Half-Sum Error 24-31 
Half-Sum Error 16-23 
Half-Sum Error 8-15 
Half-Sum Error 4-7 


AP763 Hal f~Sum 


Precheck Error Indicate 


Half~Sum 


m Precheck Error (48-55) Error (48-55) 
P3 Ext or no ERR 


| 
| AP763 | 
| 
| 
| 
PI Clock P2 Clock or | 
| P3 Clock Half-Sum Error 
| Half-Sum Error | 
| Half-Sum Precheck (48-55) : 


Half-Sum Error 


(32-67) 


Not Left Shift 


Half~Sum 
Error 


Half-Sum Error Indicate Half-Sum Error 


(4-31) 


Inhibit Clock on PA Half-Sum Error 


+P4 Extd 


AP801 
Error 
T 
Odd Half-Sum 
Errors PA(4-67) 
KW081 


Half-Sum Error Trigger Set 


Full-Sum 
Error Logic 


AP801 Full-Sum Error 


Error Reset Gate 


Not Clock 


PO Clock 


Not Error 


Diagram 4-413. Parallel Adder Half-Sum Checking Logic, PA (48-55) 


4-413 (7/70) 


2 Vv 


Bits 48-51 Odd/Even 


From 4-Bit Group 
Parity Predict Bits 52-55 Odd/Even 


Odd Detect Logic 


Latched Sum 48 
Latched Sum 49 
Latched Sum 50 
Latched Sum 51 
Latched Sum 52 
Latched Sum 53 
Latched Sum 54 
Latched Sum 55 
AP554 


Full-Sum Error 65-67 
Full-Sum Error 56-63 


8-Bit Parity 


Generation Generated Parity for Full Sums 48-55 


Logic for 
PAL(48-55) 


AP555 


Latched Sums 48-55 


Pius Generated Parity Full-Sum 
Are Even Error (48-55) 


+P2 Extended T 
Error Reset Gate . 

AP555 
PO Clock 


Not Error 
AP741 


Inhibit CPU Clock 


Full-Sum Error 40-47 


Full-Sum Error 32-37 4 j Futi-Suim Error 


Full-Sum Error 24-31 
Full-Sum Error. 16-23 
Full-Sum Error 8-15 
Full-Sum Error 4-7 


AP801 


Half-Sum Half-Sum Error 


Error Logic 


AP801 


-P1 Clock 


+P0 Clock 
AP801 


Diagram 4-414. Parallel Adder Full-Sum Checking Logic, PA(48-55) 


PAL(48-55) Parity 


‘Indicate PAL(48-55) 
Fulf-Sum Error 
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A(28) 


Gate Excess ot 
fee PAB Bus 29 


A(29) ey Propagate Sign PAB Input 29 
. Gate Excess 6 to PAB(29, 30) . 


A al eal AP291 ~ 


> 


PAB Bus 30 
RB747 AP301 


Gate excess 6 to PAB positions 33,34; 37,38; 
41,42; 45,46; 49,50; 53,54; 57,58 


| 
| 
| 
| in a similar manner. 
| 
l 
1 


B(60) 
Gate Excess 6¢ BARGE : 
eS = 
PAB Input 61 
B(61) es Q, IC Bus 61 npu 
A Gate Excess 6 to PAB(61, 62) 
B(62) ae 


AP6Ti 


PAB Bus 62 PAB Input 62 
Q, IC Bus 62 


RB753 AP621 


B(63) 


tros Micro-order 


Diagram 4-415. Parallel Adder Excess 6 Logic 


Result Sign Minus 


> - Set Cond 
Floating-Point Code Bit 10 


PAL”) PAL(7) t STAA if PAL(32-63) = 0 STAT A ae 


B 
L PAL(8) PAL (32-63) = 0 T zz _RW341 see 
: ae f Set Cond 


| Not PAL(7-31) = 0 mie Code Bit 01 


Not PAL(32-39) = 0 || 
PAL(29) fa RW341 
vagy memuseetae T | 4 [eure 
iO’ | = 
PAL(31) Overflow (STAT BY 
L TSTAA if PAL(7-67) = 0 
AP681 | A Set Cond 
me Code Bit 01 
Result Negative | A 
APO71 E(5) Fixed-Point Ek 
A ‘ Shift Double 
Shift Instruction ae Le 
. N 
TROS Micro-order | 
: Not A(0) to Cond Cod Set Cond 
Note: This diagram illustrates how the et AO) ten : aioe Fs 10 


condition codes are set; it is not intended 
to be a detailed diagram. Not (32) 


Diagram 4-416. Parallel Adder Set-Condition-Code Logic 


4-415, 416 (7/70) 


FLT Inhibit Clock 


n STAT Clock PO 
Clock ; SCAN 


T(55 
STAT Clock PI 
DLY es Set STAB if SA(0-7) =O 
SAL(0-7) =0 


DLY STAT Clock P2 
SBDOVE (Decimal Overflow) 


Decimal Overflow 


TD PO + 140 ns (1) 
Set STAB if PAL 31f 


PAL(31) 


STAT B 
DLY — 
Gate Exp Ovflo to staBt 


Fixed-Point Overflow 
KS031 


i he a oe ee 


Set STAB on Left Shift Overflow t 
Left Shift Overflow Check 


B 32 to STAB and T 32 to STAG 


Reset all STAT's 
STAT Tar Reset 


Reset STAB 


STAT Clock PO 
STAT B fs A 
Set STAB on Left Shift Overflowt [ |_| 
ht 
Gate Exp Ovflo to STABT me 
Not STAT B Latch | || 
KSI41 | 


Set STAB if PAL 31f- 
B 32 to STAB and T 32 to STAG ry 
A 


G) PO + 140 ns 


tROS Micro-order 


Diagram 4-501. STAT B Logic 
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(OL/L) 109- 


o180 


‘J SuneD pure SuIsusg ysonboy JOS “109-p WeIseIq 


< 


> 


Vv 


2 v 3 v 4 v 
9 
Storage Request from IC 3 Cycle Roller 3 
Hardware — IC Storage Request 3 Cycle Position 1 (=) CPU Request Syne Latch 
Generated Storage Request IC 4 Cycle Bit 0 : 
. @ CPU Request 
Not FLT, Inhibit A IC Syne 
Clock ) | OR L™ 
A 
Not | MC066 
IC Reg. (ROS Generated) IC Syne Clock 
Clock T Not FLT Inhibit Reg ; 5 
Storage Reg D3 Cycle D Syne Clock 
d OR 7 
Clock (Hardware Generated) ORE ot eae 
ae Position 1 
C066 Not Inhibit Requests RI 
Clock | A 
Storage Reg D4 Cycle MCO061 
ROS Generated D Reg Storage XY Reg Cecio 
D Reg Storage 
Roller 3 
D‘Syne Position 1 D Request 
Not Block D Syne + Bit 2 © : 
Cloc! A Sean Syne 
Clock L 
Clock = 
MC061 Not Clock 
MC068 SAB(5-19) 
Scan Reg Storage (ROS Generated) 
rl Scan Syne Not Page LAB(0-11) 
Clock bl T - 
Scan Storage Reg BCU Late Clean Up A 
(Hardware Generated) Not CPU Request 
Clock * So Oo IC Syne Lth A 
Clock D Syne Trigger Gate PAL to D (ROS) oR | 
Clock (4) 


(Hardware Generated) 


3-Cycle Access (ROS Generated) 3~Cycle Syne 


Clock T 
Clock 


MCO071 


Store On D Request (ROS Generated) 


Decode Test and Set Test and Set 


Clock T 
Late BCU Cleanup . 
For CPU Request : 


Suppress Log Check 


Roller 3 
Position 1 


Decode Set Key 


Clock TTA] 


Roller 3 
Position 1 
Bit 4 


Decode Insert Key Insert Key 


Clock my 


E Reg 23 =01 A | Decode Op Codes: 

94 (And), 96 (Or), 97 (Xor) Dbl Cycle 
E Reg 45=01- — : 
Not Compare Logical (Op Code 95) I-Fetch Reset A 


IC Storage Reg 3 Cycle 


A 
Clock a | OR L 
Storage Reg D3 Cycle 


D Sync Lth 
) Gate PAL to IC(ROS) oR| 


MC063 
MC062 


Storage Reg IC3 Cycle Roller 3 faecal ee cee oe 
eran S (m=) Position 1 | IC Syne Lth 1 1D Syne Lth ' 
jot FLT Inhibit Requests i Bit 5 | Gate PAL to IC ! ! Gate PAL toD ! 
Clock Sa a 
Not Clock 3-Cycle maaan i ™ si oe 
3 Request ARQ-XY-STO*D XY Syne . XY Syne 
Not RS Branch Reset 3~Cycle Reg : To Diagram D Reg Storage XY Re | 
9 A T SDBI (0-63) 
tink TP aeos sees B ee 3 2 een 
Clock Clock 
Tara MB163 


Scan Req Trigger 
e i 6) 


Store On D Req 


D Req Trigger 


Store 
Not Diagnose Reverse A Org = 6T 
Normal Op Scan Req Trigger 
Not CPU 3 Trigger 
Not CPU 2 Latch 
Normal Operation MCI71 
Not Normal Op 


MC166 MB805 


RS Format (E Reg 01 = 10) 


Double Cycle to Mpix Bus 


Not Block I-Fetch 
Early Accept 
D Request Tgr 


Master Reset 
Invalid Address 


Inhibit 
Storage Protect IN Gate Key to Bus. an 


E Ty 
Leceaumeren-—. G 
A Gate F Reg to Key Bus U 


In Key Bus 


Store’ 
3 Normal Operation 


Double Cycle 


To 
Storage 


ZO9F COL/L) WON Z0-T0LZ 


BCU Ose Diyd SEV Ready . 
SE! Not Stopped Seleet Pulse SE] 


B 


a SE/DE 10 Select Even 


ame 
| 3 | 
CCR Bit 17 (SE/DE 10 (Configured) 


aan SE/DE 10 Select Odd 
al 


4096 Bytes 
(One PSA Area) 


zx, 524 288 Bytes si en 


— 
‘ies Select Timing Pulse 
D Reg Tar A 
cE | scl oc BCU Osc =o mean | 
Issue A Select st9.2 Tar SE/DE 10 Ready MC421 | Select Pulse 
A [i F Clock _ “JAR (4) SE/DE1ONof Stopped | | , |_WSE/DE 10 
| | Nat Inhibit Storage Select ' 
: Elock : . : 
| ' Waster Reset” = el \ CCR Bit 8 (SEI Configured) _ 
MC706 A 
| SE1 Decoded 
| aes A SE1 Select Even 
| sas | if2talal SE/DE Decode A SEI Select Odd 
Must Always Be Zeré OJO;Ol Ol ser 
Z ip : 0}0}0}1| se2 
) CE Controf Panel Labeling { _ 7 ojo} SE3 ; 
for Dand l€ Register Display g | 9 10 11 12413 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 (2) SAB I-4 alolilil sed 
ee LT ; P ; 07140 SE5 - Select 
CE Logié Line Labeling 9 ,) 29 3 4{8 6 7 8 9 10 11 12 13 14 15 16 17 18 19 % 21 22 23 oli loli] se Lines 
/DE6 
Storage for D and IC Registers a id oliti SE/DE7 to 
Address ae OFlyT SE/DE8 
g Keys 3 SE/DE Select Seale o 1 {0 10 SE/DE9 ers 
1]0|0/1] SE/DEIO 


Chart 2. D and t€ Register 
Bit travislafion 


1 
8 31 
“\ 
G 
Adr Keys to D i 


4 


an 


| 

| 

| 

| 

| 

| 

| 
23 | 
=| | 

L 


SE/DE 10 Decoded 


RD 
> 23 


0 = 
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Diagram 4-604, Invalid Address and Frame Stopped Logic (Sheet 1 of 2) 
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Diagram 4-604. Invalid Address and Frame Stopped Logic (Sheet 2 of 2) 
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Diagram 4-610. SAB Parity Conversion Logic 
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Diagram 4-611. Servicing of Storage Requests in Single-Cycle Mode (Sheet 2 of 2) 
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effect ingating under the 
control of 1-Fetch sequencers. 


CPU Clock Signa 


Ist ROS word 
following 
request. 


Set 'CPU 2' 
trigger/latch. 


‘2nd ROS word 
following 
request. 


‘CPU Clock Signal 
Start poets © SSS SS 


Set "CPU 3" 
trigger. 


Set "Stop CPU 
clock " trigger. 


This trigger 
| controls CPU 
| clock after 

restart. 


Set "CPU 
clock go" 
trigger. 


No (Fetch) 


Yes 


No. Yes 


No ROS word 
is accessed 
because "stop 
CPU clock" 
trigger is set. 


Turn off "in- 


Set 'CPU 5' hibit storage 


Set ‘CPU 3' Set 'CPU 4! 


latch. 


latch. latch. 


select" latch. 


Send "select" 
signal to 
storage. 


4-Cycle 3-Cycle Store 
Fetch Fetch 


Set "request 


finishing". 
trigger. 


3rd Ros word - 


Reset "CPU 


1) " =r " n . Set "Stop ope 
Set "CPU 4 CPU Clock Set "CPU 5 CPU Clock a CPU Clock + (specifies 
triggerflatch. [™ ~~ StsC—CS<;C;<S;7;7«; trigger/latch. Fh seg SAP G Miva + veces = a SDBO-ingate, 


3-cycle fetch) 


"CPU clock 
go" trigger 


Reset "request 
finishing" 
trigger. 


Request 


completed 
is effected. 


4th ROS word 
(specifies 

SDBO-ingate, 
4-cycle fetch); 


Reset "CPU 
clock go" a a a a 
trigger. 


Set "CPU 5" 
trigger/latch. 


CPU Clock Signal 


5th ROS word 
following re- 
quest (ingates 
SDBO on 

3-cycle fetch. 


Reset "CPU 
clock go" eo ee re 
trigger 


CPU Clock Signa 


Diagram 4-612. Servicing of Storage Requests in Single-Cycle Mode 
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P End Op “ih " I-Fetch 
Se es SS es 
| 
| 
el 


Machine Cycles 


R1 (r R2 if Branch) —»LAR 
(NEOP or BEOP) 


B-————®LAR (NEOP or BEOP) 


= Ly 
LS to T _ 
D RD IC CA ; 
0 23 0 23 
R to E 
21 22 21 22 ' 
See Ghenendimedtiontmemetomtententmetianetiantaettetee 


| 

1. GT 

| Normal End Op 

| 

| 

| GT 
Branch End Op ; 
I 


i ae ae aes ee ee ee ee 
Q ist 2nd 3rd 4th RQ 
0 Halfword Halfword Halfword Halfword 64 
ee er Pee ee eNO BOO OE SO Spt ION Ae Ge eee, ee ae he EG ag hee pe ee ogee ey 
0 3 16 19 32 35 48 51 I 
| 
B Field | 
| 
| 
B Field : 
i 
| 
- B Field l 
| 
B Field 
| I 
| | 
Effective R; Decoding is ! I 
Done from SDBO if BEOP | | 
I | Not RR 1 | | 
Format tk | : | 
Decoder | e y t B Field | 
0 7 RR | | a Selected B Field | 
811 | NEOP | 
RI Field RROOT a R@-11) ; | 
GT 1 BEOP 
ha ‘ | i | 
= Lt pgield 
Branch | 
12 15 Decoder | | 
R2 Field RRS) | | RQ751 | 
RQ781 RQ761 
LAR(0) Forced ff L__ __ bee eee J 
RR Floating- 


Point Instruction R Field if RR; B Field if Not RR 


Local 


Storage 


Transferred by ——-®T Micro-order 


31 


: —~) 
T RT 
32 63 


Diagram 5-1.:Operand Prefetching During End Op 
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= a 
D RD ic CA i Nea yh e eee ra 
0 23 0 23 — a 
21 22 21 22 1 ' 
eo | 
orp | 
I 
A NEOP ' 
I 
j 
! 1 
BEOP J | 
| A 3-Cycle Storage 
; | Request (Per IC) 
1 
> DRO61 | 1 
RR | | 
RX RX 
x 8 | Nor slid 
Sl SI : I 2. Re Regi 
. Request Q-Register 
ss SS ss Never | Refill Priority 
‘ 1 ! = | 
B Q (00) 1 (01) 1 (10) § ry RQ | 
0 63 | | 
0 1§ 16 31 32 47 48 63 ] | 
i 
1 
i ! 
i { 
= 1 
> R RR eens) | 
0 15 ! 
01 RX, RS, or Sl | 
Format ! 
Predecoder I 
0 7 Pe A 4-Cycle Storage 
Q RRO} | j Request (Per IC) 
1 1 
i i 
{ 
| I 
| ! 
; I 
Op-Code Bits Branch Not Branch ! 
> Precaccder | : ae A KDI101 
| xecute Not In Progress KD201 
RRIS1 
! 
A ee eta ae ey a eas ates oe ane eee 
D Diagram 5-2. Instruction Requests During End Op DIAGRAM 5-2. INSTRUCTION REQUESTS DURING END OP 
| | 
01 i 
GT 
EEOP i 
E : 
| i 
DRO61 | 
RR | | 
RX RX | : | 
: RS RS | | 
> Never Sl : Sl Never | 
! ' | a | is | 
Q (00) 4 (01) 4 (10) 4 (11) RQ | | 
; 63 | | 
0 15 16 31 32 47 48 63 I . | 
|. | | 
| | 
F 
| i 
| | 
| Not RR 1. 4+Cycle Request (Per IC) 
Format | 2. Start I-Fetch Sequencers 
Decoder | 3. Request Q-Register 
> Refill Priority 
0 7 | 4. Block Request at End Op 
! ~ 
RROO! ! | 
| | 
. Branch | l 
G Decoder (Not) Branch 1 
| Execute Not In Progress 
| l 
RR181 | KD101 | 
KD201 
Maa ee ee Nee _ 
Diagram 5-3. Instruction Requests During Early End Op 
H 
> 


§-2,3 (7/70) 


Format 
Predecoder 


0 15 
0 15 


0 7 12:15 


1C(21,22) =01 or 10 


RESET (FI) 
(Not) Execute Trigger 


1C(21, 22) = 10 (Q-Register Exhausted) 
(R2 Field = 0) 


1C(21,22) =00 or 11 


A 3-Cycle Request 
Per IC(0-20) 


DNO11 
(Branch on Condition) 


BC or BCR (0X00 0111) 


RESET (FT) 
t Execute) 
3-Cycle Request 
Execute Trigger Per D(0-20) 
RX, RS, or St 
or A 


D(21,22) = O1 or 10 


| (Not) Inhibit Operand Requests 


1/O or Shift Instruction, STH, 
STC, STM, LA, MVI, TS 
KD201 


Diagram 5-4. Branch Requests 
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=z =z 

D RD Ic CA 

0 23 0 23 
21 22 21 22 


1C(22) or D(22) = 1 


1C(21, 22) = 10 


B-Field 
Selection 
(Decode 
Bits 21,22) 


NEXT-INST#IC jor | 
NEXT-INST*D 


Q Ist § nd | 3d ' 4th RQ 


0 Halfword ! Halfword § Halfword | Halfword 63 


0 3 1619 32.35 48 51 iateeticenienitentionieatententen 


! 
| _ 
Q(48-51) =0 
" Q(32-35) =0 
| Q(16-19) =0 
A 
| 
Q(0-3) =0 
; : 
! 


(Zz) LZ 


| z | 


= Effective R; decoding is done 
R RR | from SDBO if BEOP 
0 15 
2 


X Field = 0 . 


RX RRIAI 


Decode 
R(O,1) 
Not RR 
Bits 0-5 Are Specified by End-Op Word as 001000 


0—————"56 7 8 9 10 11 Address | 
ROSAR pees 


DS051 
DS161 
RX081 


Diagram 5-5. Selection of I-Fetch Sequence 


5-5 (7/70) 


Ist 
I-Fetch 
Cycle 


2 v 3 Vv 4 v 5 v 


e@ RR Format 


0 78 HW 12 15 


Test for Q-refil| 


exceptional conditions. e Purpose: 


2nd operand into S and T. 


QT001 2. For branch instructions, load 2nd operand into A, B, and D; load Ist 


20X operand into Sand T. Request new instructions if needed. 
3. Set STC to 100 and ABC to 000. 


Branch : 
instruction @ Initial conditions if I-Fetch is not blocked: 
1. Instruction is transferred to E. 
2. For nonbranch instructions, T contains Ist operand; for branch 


Yes instructions, T contains 2nd operand. 


Transfer 1st 
operand from T 
to A, B, and D. 


Transfer 2nd 
operand from T 
to A, B, and D. 


Branch 
on 
Condition 


Condition 
met 


Request instructions 
per D (3-cycle). 


Address LS per 
R2 to obtain 
2nd operand. 


Address LS per 
R1 to obtain 
Ist operand. 


Transfer 2nd 
operand from LS 
to S and T. 


Inhibited if 
‘execute in progress’ 
trigger is set. 


Transfer Ist 
operand from LS 
to Sand T. 


Request instructions 
per IC (3-cycle). 


Dependent on IC 
at end op; see 
table on this page. 


Increment IC(21, 22) 
by 1, and transfer 
1st halfword of 

next instruction to R. 


ee : RR I-Fetch Variables 
Set STC to 100 ‘ 
and ABC to 000. : - = io Incremented IC 


| Refer to Diagram 5-30. 


Q-refill 
exceptional 
condition 


No Yes 


Branch to Ist ROS 
word of execution 


1 SDBO is gated to Q during 

| 2nd execution cycle if 

| Q-Register refill was 
requested 2 cycles before 

| end op. 


sequence per 
*E(02-07)——> ROA' 


micro-order. 


RR I-Fetch Q-Refill 
Exceptional Condition Cycle 


Increment 
1C(20) by 1. 


Branch to Ist ROS word 
of execution sequence 


| 

| 

| 

j 

per 'E(02-07) ——» ; 
ROA! micro-order. I 
| 

t 


Causes SDBO 
to be gated to Q 
during 2nd 

execution cycle. 


Issue ‘RASCR’ 
micro-order. 


A a a a ee eS eee 


Diagram 5-6. RR I-Fetch 
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1. For nonbranch instructions, load Ist operand into A, B, and D; load 


Request instructions 
per D (3-cycle). 


Next Op- 
Code Word 
Transferred 
to R From: 


Q(16-31) 
Q(32-47) 
Q(48-63) 
Q(0-15) 


Note: These actions are inhibited when ‘execute in progress’ trigger is set. 


. Increment 
21 122 1C(21, 22) 


IC CA 


Note: Numbers in circles refer 
to timing chart below. 


Not Branch 


-m 
i] pRE 
E yRigR2 


Branch 
Not Branch 


Parallel 
Adder 


Ist 


}+———— End Op ———+}-—__——I-Fettch a Execution <= - 
} | | | 


Cycle 


: | | i ! 
Clock | ee a ee ean eee are eae 
R1 (or R2 if Branch) to LAL @) @) | ‘C) 
| 
1 
; | ; 


| ! 

| | 

LS to T : aa | 

| | 

T to PAA(32-63) | ) . | | 

| | | bE | 

R to E | : { | 

| | | ; | 

R2 (or RI if Branch) to LAL I | a : 

LS to S ond T : | [alee | 

i | 1 | 

PAL(32-63) to A and B | | ! | 

—————— 

| ! | | 

PAL(40-63) to D | oo] | 

| | | 

Increment 1C(21, 22) | | ear | 

| " | 

Q to R (Next Instruction) ! | i | 
| 


Diagram 5-7. One-Cycle RR I-Fetch 


5-7 (7/70) 


From SDBO ~ 


| RR Inst Next 


(Now in R) Inst RQ 
63 


©o 
—_ 
On 


oO 
_ 
n 


! , Normal Additional | First | 
| | I-Fetch Word [-Fetch Word | Execution l 
l j (See CLD QTO41 | Word 

j ROS Block JF) | | 


SS gy CP rc (cs re 
Clock ) . 


| | | | 
t SQ 1 Set SQ 1 Reset SQ 1 Set 
Storage Request per IC —— SQ 2 Set : SQ 3 Set | 
Rto E | | ! | | | 
e | R —eE — | | | 
| | | | | 
QtoR | l Q67—PR Levene | | 
| | | 
Ic +8 | | cc | 
| | 
| | l 
(IC + 8) to IC | | | — | 
| | 
| | | 
| pas 


SDBO to Q | 


Diagram 5-8. Two-Cycle RR I-Fetch 
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Ist I-Fetch Cycle 


Yes 


Transfer D2 
from Q to D. 


Transfer Ist 


Issue 3-cycle 
storage request per D 
for 2nd operand. 


t Q-Register Refill Exceptional 
1 Condition Cycle 


QT041 
032 


Increment IC(20) 
by 1 (done by 
1-Fetch sequencers). 


Issue 3-cycle 
storage request per D 
for 2nd operand. 


Set I-Fetch 
sequencers 1 and 3. - 


Branch to Ist ROS 
word of execution 
sequence per 
'E(02-07) ——»ROA' 
micro-order. 


Diagram 5-9. RX I-Fetch 


5-9 (7/70) 


operand from LS 
(per R1) to S and T. 


| Refer to Diagram 5-30. | | Refer to Diagram 5-30. | 


No Q-register Yes Yes Q-refill- No 
refill exceptional exceptional 
condition condition 


Test for Q-refill 


exceptional 
condition. 


QT0ll 


Increment IC(21, 22) Dependent on IC 
by 2, and transfer Q at end op; see 


to R if next Notes 1 and 2. 
instruction is in Q. 


Yes (Nonindexed) No (Indexed) 


No , Yes No 


Add D2 to base 
address (in T) and 
transfer to B. 


Add D2 to base 
address (in T) and 
transfer to D. 


Transfer D2 
from Q to B. 


Transfer index 


from LS (per X2) 


to T. 


Conditional; 
see Note 3. 


Performed by 'RASCR’ 
micro-order. 
Yes 


IC(20) 
already is 
incremented. 


Increment IC(20) 
by 1 (done by 
I-Fetch sequencers). 


Conditional; 
see Note 3. 


Issue 3-cycle 
storage request per D 
for 2nd operand. 


Conditional; 
see Note 3. 


Transfer D to 
PAL for SPEC 
test on next cycle. 


Performed by RASCR 
micro-order; 
see Note 4. 


Index Cycle 
QT041 


Add contents of T 
and B (2nd operand 
address) and 

transfer to D. 


see Note 3. storage request per D 
for 2nd operand. 


Transfer Ist 
operand from LS 
{per R1) to Sand T. 


1 
| 
| 
1 
| 
| 
‘ | 
Conditional; Issue 3-cycle ] 
| 
| 
| 
I 
| 


p-- ------------ 


Actions referred to 
in Note 4 also 

occur (one cycle 
earlier) if request 

for new instructions 
was issued two 
cycles before end op. 


Notes: 


e@ RX Format 
eee [a [ele] = | 
0 78 nV 12 15 16 19 20 3 
e Purpose: 


1. Transfer Ist operand to S and T. 
2. Compute address of 2nd operand and transfer to D. 
3. Request 2nd operand from main storage (see Note 3). 


e Initial conditions if [-Fetch is not blocked: 
1. 1st halfword of instruction is transferred to E; 2nd halfword 


isin Q. 
2. Contents of LS register specified by B2 are transferred to T. 


IC Incrementing and Q to R Transfer: 


Conditions at End Op 


Incremented Next Op-Code Word 
1C(21, 22) Transferred to R From: 


Q(32-47) 


Q(48-63) 


Not Yet in Q 


Q(16-31) 


t Q-register refill is requested by end-op word; Q-register refill 
priority does not result if RX is indexed and request is issued 
two cycles early. 


Incrementing of IC, transfer of Q to R, and the refilling of Q are 
inhibited if ‘execute in progress’ trigger is set. 


"RESET' micro-order: 


a. Inhibits setting of 'D sync’ latch if LA, STC, STH, or unsuccessful BC. 


b. Sets 'IC sync’ latch if unsuccessful BC. 
c. Resets STAT's, Edit controls, STC, and ABC. 
d. Sets LAR(0) if floating-point instruction. 


\~Fetch sequencers 1 and 3 gate SDBO to Q during 2nd execution 
cycle, and transfer Q(0-15) to R if IC(21, 22) = 10 during previous end op. 


Increment 
21 |22 1C(21, 22) 


= 
D RD ic CA = 
0 23 0 23 oo | a | i 


B Field 


31 32 


Note: Numbers in circles refer to timing 
chart below. 


Local 
Storage 


td 
E pRI | RE 
0 15 
8 1) 


D Field 


Ist 


}+}-————~tn Op ++ I-Fetch +}. Execution ——+ 


Cycle 


Clock 2 eae Ce ere ee ae A eS Cente | eeeennene era (Execution 
© | © i ® 
—_—_——— 


B Field to LAL | 
| 

LS toT : —sees | 
| | 

R to E  aiaa——<# | 
| 


T to PAA(32-63) Only if B #0 einmiimeneeeeeemneiinieimeniaenes 
D Field to PABG2-63)  alcenieiieeeenenieaiaiaeiianieiammes: 


| 

E(8-11) to LAL | | 
| | . 

LS to S and T | jee 
| | 

PAL(40-63) to D | TREE 
| | 

Increment 1C(21, 22) | 
| l 

Q to R (Next Instruction) | a 
| 


Diagram 5-10. One-Cycle RX, RS, and SI I-Fetch 
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Increment 
2 | 22 1C(21, 22) 


a 
Ic CA 
0 23 
A 
B2 Field 
52 63 
63 
Note: Numbers in circles 
refer to timing 
> chart below. 
15 
= 
RR 
B 15 
15 
Local 
Storage 
> 
RI Field 
X2 Field 
C 
63 
D 
D2 Field 
> 
Parallel 
Adder 
E 
> Tst 
: ae Op Se ere 
Cycle 
- Clock : 
ae a | Execution 
one | i 
B2 Field to LAL Ee ® | ©) | @) l 
F | | | | 
LS to T ae | | | 
| | | | 
R to E —_—_—ee | | | 
| | | l 
T to PAA(32-63) Only if B2 #0 ee | | 
| 
> | i. | , | 
D2 Field to PAB(52-63) ——————a l | 
| 
X2 Field to LAL : by OBS | | 
| | | | 
LS to T | cial | | 
G | | | 
PAL(32-63) to B [eer l | 
! | | | 
Increment IC(21, 22) —— | | 
| | 
T to PAA(32-63) ; | er | 
| | 
> B to PAB(32-63) . : : en | 
RI Field to LAL | | 
| | | | 
- PAL(40-63) to D | | Ln | 
| 
LS to Sand T | | | | 
| | , | 
| 
Q to R (Next Instruction) | ! a | 
‘. Diagram 5-11. Two-Cycle Indexed RX I-Fetch 
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2 v 3 Vv 4 v 5 v 6 


From SDBO From SDBO 


Op-Code 2nd Next po Op-Code 


. RQ 
| Halfword | Halfword | Inst I Halfword | Halfword 
(Now in R) (Now in R) 


1619 20 31 48 63 48 51 52 63 
Piel! yagi ST 
to LAL 
D Field to PAA D Field to PAA 
ik 
15 
ae ET 15 
= 
E RE 
0 15 
(A) 1C(21, 22) = 01 at End Op (B) IC(21, 22) = 10 at End Op 
}+—End Op —o}———_— ee SS Execution 
Normal | Additional First 
!-Fetch I-Fetch Word Execution 


! | 
| 
| 
| | 
Word (See CLD QT041) | Word | 
| 
| | 


| 
Clock 2 


Storage Request per D 


— | | l 
1 Set SQ 1 Reset l SQ 1 Set 
Storage Request per IC Nee oe Ol 7 SQ 2 Set SQ 3 Set | 
| | 
R to E R— »E 1 l | 
| | | 
Q(48-63) to R if IC(21, 22) = 11 | Q67—P R jean | | 
| | | t indexed RX instructions 
B Field to LAL NE OP or BEOF | | | require two additional 
| | | 1-Fetch words. 
LS to T —» T _—_ | 7 | 
| | | 
T 10 PAA (if B #0) —— | | 
| | | 
D Field to PAB fea | 
| | | 
Ic +8 (ser 
(IC +8) to IC ) 
| 
| 
| 


SDBO to Q 


| 

prceces 

| 
MS-REQ * D-3 jacana 

| 

| 

| 


Q(0-15) to R if IC(21, 22) = 00 


Diagram 5-12. Two-Cycle Non-Indexed RX, RS, and SI I-Fetch 
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| og 2 Vv 3 Vv 4 Vv 5 Vv 6 


Ist I-Fetch Cycle oe RS Format: 


ce) 7 20 31 


8 nN 12 15 16 9 


Test for Q-register 


refill exceptional 


condition e SI Format: 


foo [2 [al 7 
0 - 78 


15 16 19 20 u 


QT005 


Increment IC(21,22) Dependent on IC 
@ Purpose: 


1. Transfer contents of LS register specified by E(8-11) to S and T. 
(This is 1st operand for RS instructions only.) 

2. Compute address of storage operand and transfer to D. (For RS 
instructions, this is address of 2nd operand.) 

3. Request operand from main storage (see Note 3). 


by 2 and transfer at end op; see 
QtoR. Notes 1 and 2. 


*s B field =0 Ne e Initial conditions if I-Fetch is not blocked: 
1. First halfword of instruction is transferred to E; 2nd halfword is in Q. 


2. Contents of LS register specified by B field are transferred to T. 


Add D field to 
base address (in T) 
and transfer to D. 


Transfer D field 
from Q to D. 


Transfer LS 


Obtains Ist operand 
for RS instruction. 
Not used by 
S1 execution. 


| Refer to Diagram 5-30. | 


Yes 


per E(8-11) 
to Sand T. 


Q-refill 
exceptional 
condition 


No 


Conditional; 


Issue 3-cycle 
see Note 3. 


storage request per D 
for storage operand. 


ee SS SS SS SS SS SS SS SS SS SS ee Sd 


7 
| 
| 
| 
| 


Q-Register Refill Exceptional Condition Cycle 


(RS Format and Op Code = 
Yes 1000-1XXX) 


Increment 1C(20) by 1C(20) 
1 (done by I-Fetch oo, already is 
sequencers). incremented. 


Issue 3-cycle 
storage request 
per D. 


issue 3-cycle 
storage request 
per D. 


Transfer D to 
PAL for SPEC 
test during next cycle. 


Notes : 1. IC Incrementing and Q to R Transfer: 


Conditions at End Op 
: incremented Next Op-Code Word 


a 1C(21, 22) Position 1C(21, 22) Transferred to R From: 


Set I-Fetch 
sequencers 
land 3. 


Performed by 
"RASCR' micro-order; 


see Note 4. QJ001 


020 


mo ne ee SH + - 5 


Q(32-47) 


Increment 1C(20) by 


cr 
| 
| 
| 
I 
| 


1 (done by I-Fetch 


sequencers). Q(48-63) 
| Not Yet in Q: 
| Performed by Set I-Fetch r 
"RASCR' micro-order; sequencers | and 3. 1 Q(16-31) 
| see Note 4. L 
| ta-register refill requested by end-op word; Q-register refi!! priority 


os a a ee a a es ee ——— _I does not result if shift instruction is being fetched and request is 
issued two cycles early. 


2. Incrementing of IC, transferring of Q to R, and setting of !-Fetch 
sequencers are inhibited if 'execute in progress’ trigger is set. 


Branch to Ist ROS 
word of execution 


If shift instruction has been fetched: 
(1) actions referred to in Note 4 also 
occur if request for new instructions 
was issued two cycles before end op, 
and (2) first execution cycle branches 
to second cycle per PAL(58-63). 


sequence per 
'E(02-07)—» ROA’ 


micro-order. 


3. ‘RESET’ micro-order: 
a. Inhibits setting of 'D sync' trigger if fetching MVI, STM, TS, shift, 
or I/O instruction. 
b. Resets '3-cycle request' trigger (causing 4-cycle request) if fetching 
BXH or BXLE instruction. 
c. Resets STAT's, Edit controls, STC, and ABC. 


4. |-Fetch sequencers 1 and 3 gate SDBO to Q during 2nd execution cycle, 
and transfer Q(0-15) to R if IC(21, 22) = 10 during previous end op. 


Branch to Ist ROS 
word of execution 


First execution cycle branches 


to second cycle per D(18-22). 


sequence per 
*£(04-07) —» ROA' 
micro-order. 


Diagram 5-13. RS and SI I-Fetch 
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2 Vv 3 ae 4 4 v 5 Vv 6 


No Interruption 
or Exceptional 
Condition Pending 


Ist I-Fetch Cycle 


e SS Format: 


QT021 LL 
(SSS 
CCC 
° 738° a12 15 16 19 20 3132 35% a7 
@ Purpose: 


1. Transfer op-code haffword of next instruction to R; update 
IC and place into LSWR. 

. Transfer computed address of Ist operand (destination) per 
instruction class to D; request destination operand from 
main storage gated into CPU during 2nd execution cycle): 
a. Lowest destination address for logical instructions = 

Initiates testing base address (per BI) + D1. 

of address of — b. Highest destination address for decimal instructions = 

next instruction. base address (per B1) + DI + LT. 

3. Transfer computed address of 2nd operand (source) to IC 

and T. Lowest source address = base address (per B2) + D2. 

4. Perform ASC test (and invalid instruction address test if 

complete instruction is in Q). 


No Yes 2 


Set 'gate I-Fetch 
invalid address’ 
trigger. 


@ Initial conditions if I-Fetch is not blocked: 
1. Contents of Q per setting of IC(21, 22) during preceding 
end of cycle: 


{e) 
Code y, 
63 


7 8 14 1215 86 19 20 


agente ne cece 


15 16 23 24 27 28 31 32 3536 4748 5352 


Yes No 


Add D1 to base address 
(in T) and transfer 
result to D. 


Transfer D1 
in Qto D. 


= 


Perform Ist step 


of ASC test 
(see Note). a aa Tl 
10 Yy fs 82 D2 F 
Li. 39 40 43 44.4748 51 52 tah—--7¢ 
" Ye Y 
15 16 19.20 3132 63 
End-Op Setting 10 VW 00 01 
Present Setting 01 10 i . 00 


First halfword of instruction is transferring to E. 

Base address (per 81) is in T. 

. Main storage request for more instructions wos 
generated per IC during preceding end op if ‘execute 

in progress' trigger is not set and IC(21) = 0 (4-cycle) or 
if IC(21, 22) = 10 (3-cycle). (Branch end op tests D 
instead of IC.) 


PWN 


Transfer next Transfer next 
op-code halfword op-code halfword 
from Q to R. from Q to R. 


I STAT D is set 
if B2 =0. 


Transfer contents 
of LS per B2 to S. 


Yes (Decimal) No (Logical ) 


3rd Cycle 


Add E(8-15) 

(LL field) to D 
and transfer 
result to T. 


Add E(8-131) 
(L1 field) to D 
and transfer 
result to T and D. 


Gate new Includes last 


halfword of 
this instruction. 


instructions from 


SDBO to Q. 


Yes No 


Note: Details of Ist step of ASC test: 


Transfer IC -D +7 
to PAL. 
Yes (0 < IC +7) 


Set 'PSC* trigger. 


Issue 4-cycle 
request per D 
for Ist operand. 


Diagram 5-14. SS I-Fetch (Sheet 1 of 2) 


7201-02 FEMDM (7/70) 5-14,Sh1 


A 4th Cycle 


Sth Cycle 


Yes 


Perform 


6th Cycle 


no operation 
this cycle. 


Stop CPU clock | Wait for BCU to 
for 1 cycle. become not busy. - 


Last I-Fetch Cycle 


Yes (Decimal ) No (Logical ) 


Add E(8-11) 
(L1 field) to D 
and transfer 
result to T and D. 


Add E(8-15) 
(LL field) to D 
and transfer 

result to T. 


Issue 4-cycle 
request per D 
for Ist operand. 


‘Program 


Yes interrupt’ No Se 
latch 
set 
‘Execute No Yes ‘Execute! 
trigger trigger 
set set 


Increment 
1C(20) by 1 (done 
by micro-orders). 


Perform last step 


of ASC test 
(see Note). 


. Transfer 


contents of LS 
per B2 to S. 


Transfer IC to Transfer IC plus 8 


LSWR via parallel to LSWR via 
adder and T. parrallel adder and T. 


Transfer next 
op-code halfword 
from Q to R. 


Yes (B2 = 0) 


QT041 : 
010 QT031 


priority ts 
established. 


Normal end op. 1 Program Transfer D2 
| _ interruption in QtoT 
| performed next if its and IC. 
I 


Reset STC, ABC, 
STAT D, and 
Edit controls. 


Branch to Ist ROS 
word of execution - 
sequence per , 
E(02-07) —®ROA’ 


micro-order, 


Diagram 5-14. SS I-Fetch (Sheet 2 of 2) 


5-14,Sh2 (7/70) 


Perform last step 
of ASC test 
(see Note). 


Transfer 
contents of LS 
per B2 to S. 


Perform last step 
of ASC test 
{see Note). 


Transfer 
contents of LS 
per B2 to S. 


Transfer IC to 
LSWR via parallel 
adder and T. 


Add D2 to base 
address (in S) and 
transfer result 

to T and IC. 


Yes (B2 = 0) 


STAT D is set Gate new 
if B2=0. instructions 
from SDBO to Q. 


Issue 4-cycle 
request per D 
for Ist operand. 


No (82 ¥ 0) 


‘Add D2 to base 
address (in S) and 
transfer result to 8. 


1C(21,22) = 00 


now 


Transfer next 
op-code halfword 
from Q toR. 


Perform last step 
of ASC test 
(see Note). 


‘Execute’ 
trigger 
set 


Yes 


Transfer IC to 
LSWR via parallel 
adder and T. 


QT031 


Transfer partial 


source address 
to T and IC. 


Note: Details of last step of ASC test: 


Subtract T from IC 
and shift right once. 


Transfer !C plus 8 
to LSWR via 
parallel adder and T. 


Reset 'PSC' trigger. 


1C(0-20) 


4-Cycle Request Per IC 


3-Cycle Request Per IC 


Vv 3 Vv 


4 


v 


SAB 
GT Main Storage 
IC Syne MAOOT- 
L= MA201 ; 
MC066 0 SDBO 63 


MS—— Q Micro-order 


(Used Only for SS and Branch Instructions) 


(Recovery Microprogram Forced by 
EXCEP Micro-order, if Necessary) 


Force to 0 


R(1) 
Force 
Format R(0) 


Refer to Table in ; 


Diagram 5-30 
Force to 1 


Force 0's 


(Diagram 5-30) 


ROSAR 4 | 4 | 


9 HOW 


Oe ——— 45.6 '7 "8 


Sequencer 1 
Turn-on IF] at EOP 


KD101 
Patna eg eye ta oe 
-Fetch I-Fetch 
(Storage (Storage 
Set Request) 1 Request) 1 


Not Clock 


Trigger P2 emunenes PT 


Timing Chart 
Representation 


VS SS ee Se a Ss Se ee 


| Latch Not Pl! —_——— Not P1 


ee Seer re 


DR921 


RQOOT- 
RQ601 


DROS} 


1C(21,22) = 00 at !-Fetch 


SQ 3 and SQ 1 Set 
DR071 


RROOI- 
RR144 


N 


KD101 


KD201 


Ic 
0 


DRO21 


A. Basic Control Provided by I-Fetch Sequencers 


Diagram 5-15. L-Fetch Sequences (Sheet 1 of 2) 


Sequencer 3 


KDT11 


ri 
SQ 2 Set and SQ 1 Reset 


0 
0 
CA701 
RQ701- 
RQ721 
re 40 63 


Parallel 
Adder 


7201-02 FEMDM 


CAO01- 
CA211 


(7/70) 5-15,Sh1. 


2 Vv 3 vV 4 v 5 Vv 6 


$——————______ Execution l-Fetch Execution — _4 
1 \ fie 2 : 3 
1 2 1 2 


Action ALD 


fica a ee ee ee ee ee ee 
Pare eee Ee oe ee 


Typical Micro-Orders ea EXCEP RASCR a cee 
if ogmee  oe 2: eee Fe ee ee 


DY ieee, ee es ee ee ee ee 
eer as ee es ee ee ee eee 
fs ee ee oe 


IF Sequencer 1 (See Note 3) ae ie eee 
Second i fern 


Normal or Branch End Op 


1-Cycle-Early End Op 


IF Sequencer 3 


Set I-Fetch Request Tgr 


> = 


2-Cycle-Early End Op 


PAL ——-* IC 


MS ——®Q (See Note 2) 


[ 


Notes: 1. X =Z_© Not IF2, where Z is defined in Note 3. a These actions are Inhibited by "block I-Fetch' 
Y= [Not (Predecode branch + Predecode SS + Execute)] ° [D21, 22 =10 + 


trigger. 
(D21,22 = 01 © Predecode not RR)]. 
2. Also, gate Q(0-15) to R(O-15) if 1C(21,22) =00 (ALD DRO71). 
3. Z= [Not (Predecode branch + Predecode SS + Execute)] e fic21 ,22=10 + (IC 21,22 = 01 © Predecode not RR). 


B. 1-Fetch Sequencer Timing Chart 


Diagram 5-15. I-Fetch Sequencers (Sheet 2 of 2) 


5-15,Sh2 (7/70) 


Time Clock Step Trigger 
Machine Check intr Trigger 


(Not) PSW Wait Mask Bit 
NEOP or BEOP 


Block Irpts on Start 
Any I/O Interrupt Reg Tgr 
KM811 


Ext Int Req ¢ Mask 
Manual Cnt! Repeat Priority 


Machine Check Int Priorit 
Time Clock Step Priority 
LPSW © Store In Progress 


Manual Cntl Stop Priority 


Supervisor Call Int Priority 


Manual Cnt! Wait Priority 
Program Interrupt Tgr Lth 


Program Store Compare Tgr 


NEOP or BEOP 


Block IL Not Avail 


Select Successful 


1. Block R-to-E Transfer 


(Not) Block Int on Start + TCS + Mach Ck 


KM86]1 


KM861 


Exceptional Condition to I-Fetch 


Gate IL 
Not Avail 


T Diagram 5-20) 
A 


KM851 


2. Block Sequencers Gating PAL to IC (2 Cycles EEOP) 


Block 
|-Fetch 
Execute in Progress NEOP or BEOP A ™™ 
; 
STAT G ! O—» STAT D F8 
KD501 


Diagram 5-16. Block I-Fetch Trigger 


NOOR ON= 


Reset I-Fetch Sequencers 

Inhibit Updating of IC(21, 22) 

Block Q-to-R Transfer 

Block Storage Requests During !-Fetch 

Block PAL-to-T, D Transfer 

Block Decoding of F1 through F7 Micro-orders 
Block Invalid Instruction Address Test 


7201-02 FEMDM (7/70) 5-16 


2 Vv 3 Vv 4 v 5 v 6 


© Timer format, location 50 (hex): 


to) 20 21:22 23 24 31 


Bits 21 and 23 are decremented with 60 Hz fine frequency. 
Bit O (ign)=0 if positive; 1 if negative (2's complement form) 


1. Time Clock Step Signal to Timeout Logic 
2. To Pulse Mode Controls 


Receive ATR 


External Start 
External Stop 


Time 


Clock Stop 


300 ns Sample 


Pulse 


_ 


« Set Block !-Fetch Trigger (Diagram 5-16) 
. Block Interruption and Exceptional Condition 
Priorities 


Input Power Line Pulset 


(Not) NEOP + BEOP 


NS 


O ——»TIME-STEP (F28) 


. Inhibit Next ROS Address 


EXCEP (K25) . Force ROSAR to 014 (hex) 


n— 


feo Hz: 16 2/3 ms pulse period 


Fi 
NEOP or BEOP orce D to 50 (hex) 


cage 
_ tart/Stop or frequency. swing. 
ad Receive ATR. = u S 


DISABLE 
INTERVAL 
TIMER switch 
J activated 


C ; Set ‘sample 4 
pulse’ trigger. & - 
Ignore line frequency 
swings. 


Decrement timer value. 


Transfer A minus count 
to T and LSWR via 
parallel adder. 


Transfer LSWR to S. : 


_ Set 'time clock 
> step' trigger. 


Establish priority for 


timer exceptional 
condition. 


Reset 'sample pulse’ 
and 'time clock 


D End-Op Cycle step’ triggers. 
Set tblock I-Fetch' Blocks most I-Fetch 
trigger. actions. 
. Store updated 
Force address 50 Ze value. 
> ; (hex) into D. 


Issue 4-cycle 
request per D. 


Inhibit storage protect. 


Ist |-Fetch Cycle 


Force address 014 
(hex) into ROSAR. 


E Timer Exceptional - 
Microprogram 014 wa 0-3. 
Reset 'block {-Fetch' Performed 
trigger. by '0 —™ STAT D! 
micro-order. 
Test if timer 
> Haidware j value is negative. 
Functions ; 
JA311 


Branch results from 
External Start/Stop! 
and J27 micro-order 


F ; (ATRSEL). 


Receive 
ATR Select 
On 


No 


QT041 
3A3 


Reset ends timer update 
routine and forces stop 
loop. 


i Diagram 5-803 


Refer to 
Diagram 5-24. 


Fetch timer value 
from storage... 


Issue 3-cycle 
request per D. 
Inhibit storage protect. 


| Bicgrom 5-807 aim cee 
limit' trigger. 
Receive ATR Routine. 


Normal end op. 


Yes 


Diagram 5-601 


| Diagram 5-809 
| Clear F Reg 
; Gate in Clock. 
Perform PSW restart. | : 


Gate SDBO to AB. ; 


| 
| 
| 
| 
| 
L 


Diagram 5-17. Timer Exceptional Condition 


5-17 (7/70) 


3 Vv 4 v 5 


Any Interruption Priority 


Manual Cnt Stop 
Manual Cntl Wait 


Predecode LPSW 


Processor Storage Select 


FL 
Store A 


HSS Advance PO 


Establish priority for 
CPU store in 

progress exceptional 
condition. 


End-Op Cycle 


Set ‘block 
1-Fetch' trigger. 


Manual Cntl Repeat 
Program Store Compare Priority 
(Not) Timer Priorit 


Block Invalid Instruction Address Test Priority 
Block Q-Register Refill Priority 


To Block 1-Fetch Trigger (Diagram 5-16) 
CPU 
STO EXCEP 
(Priority) 


CPU : 
Store A 
T 1. Inhibit Next ROS Address 


2. Force ROSAR to 02E (hex) 
EXCEP (K25) RX001- 


KM841 


Blocks most 


Il-Fetch actions. 


Ist [-Fetch Cycle 


Force address 
O2E (hex) 
to ROSAR. 


CPU Store in Progress 
Microprogram 


02E 


No micro-orders 
for one cycle. 
Normal end op. 


Allows time to 


receive possible 
protection check. 


Diagram 5-18. CPU Store In Progress Exceptional Condition 


7201-02 FEMDM (7/70) 5-18 


2 Vv 


Set Mach Chk and PSW 29 
on RDD Timeout 


Any IOCE Mck Req 


KU451 


|——-» MCH-CK-TRP_(SF6) 


(Not) Console Logout Latch 


O—eINT-TGR (F25) 


Enter from 

Diagnose instruction 
log-on-count 
subroutine. 


JOCE Machine CK 


or 


RDD Timeout 


RDD Timeout 


Machine 
Check Block Further Logouts MACH 
Interrupt CK INT 
: hoo A (Priority) 
(Not) Time Clock Step Tgr 
KM811 
KM121 


NEOP or BEOP 


EXCEP (K25) 


PSW ——® $23 


Detect CE machine 
check 


Normal End-Op Cycle 


First Machine Check 
Microprogram Cycle 


Diagram 5-19. Machine Check Interruption 


5-19 (7/70) 


Diagram 6-115 


Logout 
Microprogram. 


Set 'block 
1-Fetch' trigger. 


Force address 
30 (hex) into D. 


Force address 00C 
(hex) into ROSAR. 


Reset ‘block 
I-Fetch' trigger. 


Reset 
STAT H. 


Gate interruption 
code to $(16-31). 
Diagram 5-26 


Common 


interruption 
microprogram. 


1 A 
(C2) 
Depress LOG OUT 
pushbutton. 


Inhibits most 


|-Fetch actions. 


1 Location of machine- 
check old PSW. 


Performed by 


‘0 -——® STAD' 


micro-order. 


Causes common interruption 
microprogram to recognize 
machine-check entry. 


If CE Mach Ck 

PSW(16-31) 

set to all 0's. 

If RDD timeout set 29 to 1. 

If 1OCE 1, set 31 to I. 

If IOCE 2, set 30 to 1. 

if |OCE 3, set 30 and 31 to 1's. 


Set PSW 29 


KN281 


Set PSW 30 and 31 (IOCE Ident) 
IOCE Mck Req] A 


KN301 


1. Block Other Interruptions.and Exceptional Conditions 
(Other Than Timer and CPU-Store-In-Progress) 
2. Restart ROS Clock if Stopped (Wait State) 


. Force D to 30 (Hex) 
. To Block I-Fetch Trigger (Diagram 5-16) 
. Gate Interrupt Priority Triggers. (Not Used) 


Wn-—- 


Force ROSAR to 00C (Hex) 


Force Interruption Code to All 0's 
on CE MCK only. 


2 v 3 v 4 b 5 v 6 


(Not) Inhibit Free Run OSC 


(Not) Program Interrupt Latch Set Hold For Set R G 
(Diagram 5-22) A old For Set Reset Gate _. . 
pss Free Running PO jae (Diagram 5-22) 


e Set PIT 4 or 5 or 80 
Protect | d pu 
(Diagram 5-22) rotect Inter Code Not Set 


KM181 


TON Pl Tgrs @ Not Block 


SE Stopped Ith (Diagram 5-21) 


Invalid Operand Addr or Stor Prot 


‘ (Not) IFSR 
(Diagram 5-29) 
Inv CPU Addr Latch 


Invalid Operand Address 


KM181 
Protection 
Ad for CP 
STOR eee SF Check to CPU 
Protection Check A 7 
(Not) Block Prot Irpts 
(Diagram 5-29) 
KM851 
KM851 
Inst Length 
Not Avail Block ILC on Late Stor Prot 
Gate IL Not Available A, '™ 
(Diagram 5~16) 


Irpt Reset @ (Not) Pgm Irpt (Diagram 5-22) 


KM851 
1 ~ INV-OP-TGR (F19) 
1 — INTREQ-TQR (F20) 


ee Set Interrupt 
Code 1 Trigger 
Set Code 7 A 
(Not) Supervisor Call liaage eames 


a Sail 

KM121 
Fixed Point Divide 
Decimal Divide Set Code 9+ 11+ 15 
Floating Point Divide 
Exponent Underflow g Set Code 13 
] —- IVSPEC (F16) ak A Set Interrupt 
IC(23) = 1 ee Code 2 Trigger 


9020 
Diagnose 
| [A 
Set Interrupt 
Gz Code 4 Trigger 


Decimal Overflow 
Significance 


Exponent Overflow a a 
Edit ety 
Compare Decimal Set Code 5 
E (8-11) = 1111 Set Code 4 a 


INV-ADR = TGR (G24) KMI191 


= 
A 
(Diagram 5-29) Bren Lovage lot = aT a 
Edit Digit Examine Lth pL 


(Diagram 5-22) 


Fixed-Point Oflo zs 


(Not) Fixed-Point Compare ae - 
Ee ee) gz Set Interrupt 
pixedefainh,) ree teint Ove Max ead Code 8 Trigger 
(Diagram 5-29) Protected Branch Addr 


(a Left Shift Oflo Check al 
| 


1 — STAB * J26B2 (G14) 


Overflow Ries lee | 
ao 


ne KM151 
PSA Lockout JOCE 3 aay 
t Int t 
Non-Branch Cause of Interrupt ssi dl A Code 16 Trigger 
Program Interruption Code Triggers Set 
8 4 2 KM156 
Operation 0 0 0 0 0 0 0 ] PSA Lockout IOCE 2 
Protection 0 0 0 0 0 ] 0 0 Riz A Set Interrupt 
Addressing 0 0 0” 0 0 J 0 1 Code 32 Trigger 
Specification 0 0 0 0 0 1 1 0 
Data a ee ne: a | Riles 
Fixed-point overflow 0 0 0 0 ] 0 0 0 PSA Lockout IOCE 1 
Fixed-point divide 0 0 0 0 1 0 0 ] ae A Set Interrupt 
Decimal overflow 0 0 0 0 1 0 1 0 Code 64 Trigger 
Decimal divide 0 0 0 0 ] 0 ] 1 
Exponent overflow 0 0 0 0 1 ] 0 0 KM158 
Exponent underflow 0 0 0 0 ] 1 0 i 
Significance 0 0 0 0 1 1 1 0 SE Stopped Seiciatses 
Floating-point divide 0 0 0 0 ] 1 J 1 A : 
IOCE 3 PSA lockout 0 0 0 1 0 0 0 0 | Code 128 Trigger 
1OCE 2 PSA lockout 0 0 ] 0 0 0 0 0 KM158 
IOCE 1 PSA lockout 0 ] 0 0 0 0 0 -0 
Logout stop ] 0 0 0 0 0 0 0 


Diagram 5-20. Non-Branch Setting of Interrupt Code Triggers 


7201-02 FEMDM (7/70) 5-20 


From 
E-Register 
Decoder 


2 v 3 Vv 4 \ ie 5 v 


D(21)=1 


t inst A, B, C =111 for LPSW, Diagnose, CVB, CVD, and 
RX Floating-Point Long Instructions. 
Inst A, B, C = 011 for STM, LM, RX Fixed-Point Full Word, and 
RX Floating-Point Short Instructions .. 
Inst A, B, C = 001 for EX and RX Fixed-Point Halfword Instructions. 


D(23) =1 


PAL(61) =1 Inhibit 
Ls 
Write 
ps Sd an 1. Inhibit LS Write Operation 
I-Fetch 2 Latch (See Note) PAL (62) = 1 2. Set CPU Cancel Trigger 
RX © X2 =Oor Slor RS Clock P3 
KM426 PAL(63) = 1 RX003 
inst CT YIASI Block D Syne Trigger 
ISK or SSK Instruction Branch 
A Force ROSAR to Normal End-Op Address 
$(28-31) #0 of O10 (hex) 
£(8) =1 


Floating-Point Instruction 
E(11) =1 pec + Priv Op +Exec + Inv Op 


Floating-Point, Shift, MR, M, DR, or D Inst KM431 


Poe ea eee eee 


E(12) =1 
Turn On Pl Tgrs_@ Not Block (Diagram 5-20) |_| A Set Interrupt Code 1 Trigger 
RR Floating-Point Inst ; rT | 
£(15) =1 KM141 
a A Set Interrupt Code 2 Trigger 


SS Format Instruction 


Privileged Instruction 

A 
Problem State iN | 

KM431 
Execute In Progress KM15] 
Execute Instruction 
Invalid Op Code | 
Note: Storoge address is tested for specification violation off of 


PAL unless Q is being refilled by end-op word other than 
2-cycle EEOP. 


SPEC Y-Branch Cause Interrupt Code 
Triggers Set 
16 8 4 


Privileged Operation 
Execute 


2 
Operation 0 
1 
1 
Specification 1 


Diagram 5-21. SPEC Y-Branch Setting of Interrupt Code Triggers 


5-21 (7/70) 


A - Set Interrupt Code 4 Trigger 


(Diagram 5-22) 


Interrupt 
Code 1 


KM141 


Interrupt 
Code 2 


KM141 


Interrupt 


Supervisor Call 
Trigger 
(Diagram 5-23) 


Interrupt 
Code 8 


Interrupt 
Code 16 


Interrupt 
Code 32 


Interrupt 
Code 64 


KM158 


Interrupt 
Code 128 


KM158 


See Diagrams 5-20 and 5-21 for 
conditions that set ‘interrupt code' 
triggers 


Program 
[een se | | LE 


Diagram 5-29 


2 Vv 4 


(Not) P1 Free Running XX0100 


KM161 INTRP (K21) 
Program 
Interrupt A 
FL 
(Not) P1 Free Running A DS201 


KM161 Prog Int 


@ (Priority) 


A 
(Not) Block Interruption on Start +TCS + MC he 
A 
NEOP or BEOP Gg 


Priority 1 


- FL™ : 
(Not) Priority 2 
O——eINT-TGR (F25) KN121 


KN121 


A Force ROSAR to OOA (hex) 
EXCEP (K25) 


RXO01- 
RX101 


Program Interruption (PI) Code 


Protect Interrupt Code Set 


Vv 5 Vv 


(Diagram 5-20) 


Erosreiminter aubt Inhibit Reset of Inst Length Not Avail Trigger 


Set ROSAR(10) 


Enable Setting of Interrupt Code Triggers 
(Diagram 5-20) 


1. Block Lower Priority Interruptions and 
Exceptional Conditions 
2. Restart CPU Clock if Stopped (Wait State) 


_ 


. Force D to 28 (hex) 
2. To Block I-Fetch Trigger (Diagram 5-16) 


Prog Int Priority 
PO 
PSW———» ST (C1) 


(Diagram 5+20) Hold for Set Reset Gate 


KM281 


t th Availabl 
(Diogram 5-20) Inst Length Not Available 


A : 
5 A 5 


KN301 RS241- 
RS301 


Invalid 
instruction Set interrupt 
address test. code trigger(s). 


Set ‘program Cycle 
interrupt’ latch. 


Establish priority 


of program 


First Program 
Interruption 


Ist I-Fetch Cycle 


Force address OOA 
(hex) into ROSAR. 


Microprogram 


interruption .. 


End-Op Cycle 


Set ‘block 
|-Fetch' trigger. 


Inhibits most 


|-Fetch actions. 


Force address 
28 (hex) into D. 


Set ‘priority 
1' latch. 


Diagram 5-22, Program Interruption 


QU001 
00A 


Performed by 
'0 —»STAD' 
micro-order. 


Reset ‘block 


i-Fetch' trigger. 


Causes common 
interruption 
microprogram to 
recognize non-machine- 
check entry. 


Gate interrupt 


code triggers 
to S(16-31). 


Diagram 5-26 


Common 


interruption 
microprogram. 


Program Reset 


KM141- 
KM158 


Transfer Interrupt Code Triggers to S 


2) 


7201-02 FEMDM (7/70) 5-22 


2 vv 3 Vv 4 v 5. Vv 


Supervisor Call Instruction Supervisor 
1——+INTREQ-TGR_(F20) 3 a 
P2 T ba PSW to ST Reg 

E-Reg Bit X ; 

Pci: dA a 8 A 8 ——_—_— 
Interrupt Code 4 Trigger (8-15) KN241- = eee) (24-31) ea ae 

KN311 RS24]- 
O——e*INT-TGR (F25) SVC INT RS311 
(Priority) 


(Not) Block Interrupt 
on Start + TCS +MC 1. Block lower priority interruptions and 
exceptional conditions. 


2. Restart ROS clock if stopped (Wait state). 


1. Force D to 20 (hex) 
2. To ‘block I-Fetch' trigger 


(Diagram 5-16). 


NEOP or BEOP 


Priority 1 
= Same as shown in Diagram 5-22 with all 
ie AQFt ‘interrupt code' triggers reset. SVC 
cannot cause program interruption. 
KN121 
A Force ROSAR to 008 (Hex) 
EXCEP (K25) 
RX001 - 
RX101 


e RR Format: 


ioe ee 


0 78 15 


e Conditions at start of execution: 
1. Instruction is in E. 
2. Ist operand (not used) is in A, B, and D. 
3. 2nd operand (not used) is in S and T. 


RR I-Fetch. 
Force address 008 
(hex) into ROSAR. 
Set ‘supervisor Resets if “late" 
call' trigger. protection check 


is detected. 
Ist Cycle of 
Supervisor Call 
Interruption 


Microprogram 
1 cycle early end op. 


QU001 
008 ae 


call interruption. I-Fetch" trigger . ‘0——®STAD' 


micro-order. 


Causes common 
interruption 


End-Op Cycle . 
Set STAT H. 
microprogram to 


Set ‘block Inhibits most | recognize non-machine- 
|-Fetch' trigger. !-Fetch actions. 


Force address Transfer E(8-15) 
20 (hex) into D. to (24-31). 


Diagram 5-26 


Common 
interruption 


check entry. 


microprogram. 


Diagram 5-23. Supervisor Call Interruption 


5-23 (7/70) 


v 4 v 5 Vv 6 


N 
< 
w 


Gate =[(Not NEOP or Not BEOP) * Not Priority 2] + (External Priority + Not Priority 2) + [External Priority » (NEOP or BEOP) 
PSW External Mask Force (DAR) Interrupt 


12 
Time Clock 08 | 
at Limit 
issued by Timer Se ICLSTIGR FIZ) . on AT Ext Int 


Exceptional Condition JA 201 (Priority) 
Microprogram (Diagram 5-17) : 


JA 201 (Not) Block Irpts on Start + TCS + MC 


(Not) Program Interrupt Priority A 1, Block Lower Priority 
(Not) Supervisor Call Priority Interruptions and Ex- 
ceptional Conditions 

KM811 2. Restart CPU Clock if 


Stopped (Wait State) 


Sample External Interrupt Triggers 


KM861 


INTERRUPT Pushbutton Latch 
(Not) NEOP + BEOP 


NEOP or BEOP 


1. Force D to 18 (Hex) 
2. To Block 1~Fetch Trigger 
(Diagram 5-16) 


NEOP or BEOP 
Hold DAR Latch 


PSW————» St (CT) 


Priority 2 
Reset 'console’ and 
‘external signal’ 
Hold PIR Latch latches 
12 KN241- 
KN301 
a i a ae a as F ROSAR to 006 (h 
Fe EXCEP (K25) wGe a 
| | KM831 
RX001-. 
| CE RDD or WDD | RX101 A Transfer 'time 
Signal in | PSW—* S23 (C2) 8 clock at limit', 
| (Diagram 7-8) RS241- ‘console signal', 
| RS301 and external signals 
| 8 , 2-7 triggers to S. 
JA211- | 
Direct Conirol JA241 
L_  _Bieet Commo aa 
SCON Bit 
On 
DAR No 
Mask Bit IOCE External 
On Interruption 
Yes ] 
3 


CE RDD 
Depress 
: TEE INTERRUPT. os WDD Ignore 
Switch Restore Signal In interrupt 


State Active 


Set RDD or 
WDD hold 
latch. 


Set DAR 
Hold Latch 


Set ‘console 


‘Set PIR Hold Ignore 
signal' latch 


‘Latch interrupt 


Bypass PSW(7) = 1 
Decision for 
Force DAR interrupt 


Force interruption 


Set ‘console’ and 
‘external signal’ 
triggers per 

respective latches. 


Set 'time 
clock at 
limit’ trigger. 


| External 
Mask Bit. Force ROSAR 


to 006 (hex). 


Ist Cycle of External 


Establish 


ae Keep external Interruption 
priority . * . : 
ER esl ee Microprogram Quo01 
interruption. Peeing? 006 


Reset ‘block Performed by 
|-Fetch' "0 —> STAD" 
a —— ee trigger. micro-order. 
End-Op Cycle 
Set ‘block Blocks most 
|-Fetch' | !-Fetch Causes common interruption 


trigger Set STAT H. routine to recognize non- 


machine~check eniry. 


actions. 


Force D to Transfer all 


12 triggers 


18 (hex). 
to §(20-31) 


Degates 


Set 'priority | ‘console! Diagram 5-26 
2' latch. | and ‘external 
signal’ triggers. Common 
interruption 
A a aS a Sa a ae Se ee eg eS War erin tae routine. 


Diagram 5-24, External Interruption 


7201-02 FEMDM (7/70) 5-24 


(OL/L) 1 US ‘S7-s 


Vv 2 v 3 v 4 Vv 5 


(Not) Set System Mask 


E Diagram 5-25, I/O Interruption (Sheet 1 of 2) 


1OCE X 
V4e) 
A Interrupt 1/O Int 
Request (Priority) 
‘ 3 (Not) Block Irpt on Start + TCS + MC 
= Not) P Irpt Priorit: : 
G3) et) cia i cl ae 1. Bloek Lower Priority Exceptional 
(Not) Supervisor Call Priority A Conditions 
(Not) Extend Irpt Priority 2. Restart CE Clock if Stopped 
(Wait State) 
> KM3II- 
Clock p 9 
: Ey . 
KM311 
B 
1. Force D to 38 (Hex) 
NEOP or BEOP A 2. To Block |- Fetch Trigger (Diagram 5-16) 
Priority 1 
& A | T 1. Block Select IOCE X Signals while Timing Gate Trigger Is Set. 
A 2. Block Direct Control Timing Signals Out while Timing Gate 
Trigger is Set. 
A Force ROSAR 
EXCEP (K25) to OOE (Hex) 
KM831 
RX001- 
C RX101 T 
0 ——m INT - TGR (F25 (fo Interrupt \/O Int Req 
. Priority IOCE X & 
KNI21—- Priority 3 Permit Interrupt IOCE X 
3 
> KM311 
Interrupt 
1Intr-Gate (G10) Gate “Int Gate Trigger 
Inhibit 
\/O Interrupt 
D Req X ; 
\/O Interrupt Req |OCE X 
Simplex | 1OCE (X) 3 
> 


BAS 


Gate S toA 
and shift 
right 1. 


Receive 
‘interrupt 


request! from 
IOCE X. 


Gate A 
(24-31) to 
T (40-47). 


| The micro- 
program has 
substituted 

I bits 9-12 of 

| physical 

| PSBAR for 


Inhibit latch 


off Gate T to 


Ext reg. 01 
to F reg. 
Reset T. 


Keep [OCE 


ee | This provides 
nied handling of | ne ee 
to this CE A previous 0 ] Int gate | physical 
CCR(29-31) interrupt trigger (turns adress fe 
request’. on select) laedna the 
vag permit | interrupt code 
Yes nue [in the 1/0 
old PSW. 
interrupt \ 
request BS. ‘N 


trigger. Store Timeout 


Constant in B. 


Sends ‘permit 


| 

| Io Oc 
Establish to 
priority of | which ini- 
interrupt PSW —*S(23), Interrupt Code | tiated this 
request. to S. | request. 


Set ‘block 
1-fetch' 
trigger. 


Restart 
timeout 


Release I/O 


Force D to 


38 (hex). Yes 


Pal (32-63) 
=0 


B55 


Set 'priority 1' 
and priority 2! 
triggers. Release |/O 


(Response) 


Ist I-Fetch Cycle 


Force ROSAR 


Response 


to OOE. received IC 
se Bo IOCE MCH CK 
a ee es a tc a ea ae a ep a gee off select *D 
1/O Interruption 0+1 toB. MS Reg *D. 


Microprogram eo 
Reset 'block Performed by 
I-fetch' ‘0 —STAD 
trigger. Micro~order. 
1/O error | 
from 1OCE 
No Yes with response. 


Delay 1 
Block to allow 
‘int reg' tgrs 

to drop before 
end-op. 


(Is this a 
MCH CK 


947 int?) No 


Transfer IC 
minus 16 fo 


Transfer IC 
minus 8 to 


See common 
interruption 


Shift B left 2 


(40-63) via, bara via routine (832-67 —~ 
parallel adder. para el adder. (Diagram B30-65). Normal end- 
5+26). PSW- ST. op (QQ03)), 


Set mark 0. 


I B87 


Yes AS Set marks 4=7, 


No 
B51 
Gate physical 
and logical Issue 4cycle 
PSBAR to request per D. 
S&T. Set (MS Reg*D-4). 
1—STAH 
0 — ABC. 
78E 
Set mark 1. 
Bee Store old 1/O 
Gate T left PSW in loca- 
1 into A and tion 38 bits : 
Byte 3 of S 0-15 and 32- Diagram 5-26 
(24-31) to F. 63 in PSA. Shatin 
Interruption 
Routine 
BAS (entry block 
B50). 
Gate F(4-7) Diagram 5-26 wl 
to $(24-27). 
Common 
Interruption 
peace 
entry block 
BA4 353). 
Combine S 
bits(24-27) 
with bits 
12-15 of 
PSBAR from A 
and store in S 
(24-31). 
Diagram 5-25. 1/O Interreption (Sheet 2 of 2) + 


7201-02 FEMDM (7/70) 5-25, Sh2. 


2 Vv 3 Vv 4 


Interruption Cause 


Machine check 
Program 
Supervisor Call 


External 


Qu001 


Complete assembly of 
old PSW in ST. 


Transfer IC minus 16 
to T(40-63) via 
parallel adder. 


Transfer IC minus 8 
to T(40-63) via 
parallel adder. 


Transfer PSW register 
to $(0-15) and 
T(32-39) 


1/O Interruption 


Store old PSW. 


Issue 4-cycle 
storage request 
per D. 


Inhibit storage 
protection. 


B50 


Set mark 
0-7 triggers. 


Reset triggers 
that caused 
this interruption. 


Performed by 'PSW ——»> 
ST’, '0 ——®STAG', 

0 ———m BR-INV-ADR', 
"IF-INV ——»TGR', 


micro-orders. 


CK Interrupt Tgr. 


Diagram 5-26. Common Interruption Routine 


5-26 (7/70). 


Diagram 5-25 


Allows main storage 
to become quiescent. 


Resets error triggers. 
Does not reset Mach 


@ Conditions at start of this routine: 
1. Address of old PSW is in D. 
2. Interruption code is in $(16-31). 
3. STAT H is not set if a machine check 
interruption is in progress. 


Calculate address 
of new PSW. 


(1/O interrupt) 


353 


’ Request new PSW. 


Diagram 5-601 


Load PSW. 


Set B(59) via parallel 
adder (hex 10). 


Shift B-register left 
twice (hex 40). 


Add B to D via 
parallel adder. 


Issue 3-cycle 
storage request 
per D. 


Inhibit 
storage protection. 


2 Vv 3 Vv. 4 v 5 v 6 


STOP 
Stop Trigger (Priority) 


1. Block Invalid Instruction Address Test and Q-Register Refill Exceptional Conditions 
2. Block Setting of ROSAR(8) by Wait, Repeat Inst., or PSC 

Priority Signal - 
3. Restart CE Clock if Stopped (Wait State) 


To Block I-Fetch Trigger 
(Diagram 5-16) 


Force ROSAR to 026 (Hex) 


KM831 
RX001-RX101 


Block CE Clock Pulses at Not Clock Time 
of Next !-Fetch : 


Wait Trigger [PSW(14)] 


Block PSC Invalid Instruction Address Test 
and Q-Register Refill Priority (Blocking of 
Repeat Functions Not Needed). 


(Not) Block Irpt on Start 


a iS EMS To Block I-Fetch Trigger (Diagram 5-16) 


REPEAT 
Repeat Instruction (Priority) 


(Not) STAT G z 
(Not) (TCS or Intrpt) | 
KM831 


NEOP or BEOP. 


Rs Force ROSAR to 02A (Hex) 


KM831 
RX001-RX101 


Block PSC, Invalid Instruction Address Test, 
and Q-Register refill Exceptional Conditions 


To Block I-Fetch Trigger (Diagram 5-16) 


EXCEP (K25) || Force ROSAR to 028 (Hex) 


KM831 
RX001-RX101 


Establish priority of 
manual operation. 


End-Op Cycle 


: No 
trigger 
set 
Repeat 
Yes instruction and No 
(not) 
STAT G 
. : Test for lower 
Set "block Set 'block Set ‘block priority exceptional 
|-Fetch' trigger I-Fetch' trigger. [-Fetch' trigger. condition. 


Ist I-Fetch Cycle 


Force ROSAR Force ROSAR 
to 02A (hex). to 028 (hex). 


Stop CE clock 
at not clock time. 


Force ROSAR 
to 026 (hex). 


Exceptional 
Condition 
Microprogram Diagram 8~4 Diagram 8-16 


Repeat : 


instruction 
switch routine. 


Stop loop routine. 


TCS, 
interruption, 


or stop 
pending 


Yes 


Restart CE clock. 


QyY051 
02A Notes: 1. Return to Wait state after timer exceptional 
Reset ‘block condi nods s 
aie 2. If interruption occurred, PSW(14) determines 
|-Fetch' trigger Wait or Running state. 
3. If stop is pending, stop loop. routine is entered. 


Normal end op 


(see Notes). 


Diagram 5-27. Manual Control Exceptional Conditions 


7201-02 FEMDM (7/70) 5-27 


2 Vv 3 Vv 4 v 5 Vv 6 


PROG STO COMP 


(Not) (TCS or Irpt) (Priority) 
(Not) Wait Priority 
(Not) Repeat Inst Priority A F 1. Block Invalid Instruction Address Test 
and Q-Register refill Exceptional 
Conditions 
1——ASC* S57 = 0 (F26) -  KM83} 2. Block setting of ROSAR(2) 
Eff. PAL(40-63) = 0 ©.P4 i 
P4 © P2 ue 
SASCR (F24) A Program A Lb Force ROSAR to 004 (Hex) 
Adder 32 Carry . Store EXCEP (K25) 
Compare 


KM83} 
RX001-RX101 


Issued During 
I-Fetch of 


$S-Format RASCR (G15) 


Instructions _ Issued ; 
by Q-refill (Not) Eff PAL(40-63) = 0 © P3 
Exceptional (Not) Execute in Progress Tgr A KD501 
Condition ae 
P4 0 P2 


O0—ASC, XEC_ (F27) 
P2 


Reset PSC on Sucessful Branch 


A To Block I-Fetch trigger 
Sie pa | ; (Diagram 5-16) 


KM861 


Execute 
instruction. 


Set ‘PSC’ trigger. 


D Establish priority 
of PSC exceptional 
condition. 


‘Execute 
in progress’ 
trigger 
set 


Z 


° 


A NE CR EE ES EE EE CC ae enema eu GEES eee comme jemmees eee aoe oqo coe ice cee cee eee aoe ae cee eee ae 


End-Op Cycle 
Set "block 1 i Blocks most 
P |-Fetch' trigger. . 1-Fetch actions. 


Ist I-Fetch Cycle 


Force ROSAR 
: to 004 (hex). 


PSC Exceptional Condition Microprogram QT041 


Reset ‘block 
l-Fetch' trigger, 


Yes a> No 


Issue 3-cycle 
storage request 
per IC. 


Transfer IC minus 16 - Transfer 1C minus 8 
to IC and T. to IC and T. : 


Reset 'PSC' and 
‘execute. in 
progress’ triggers. 


Diagram 5~601 
Load PSW. 


> Diagram 5-28. Program Store Compare Exceptional Condition 


5-28 (7/70) 


2 v 3 Vv 4 v 5 Vv 6 


ROS Decode Branch EOP 
D(21) =0 


Predecode SS Format 


A 
Clock P2 4. Late BCU Clean Up 


Hardware Conditions 
for SS Instruction 
Completely in Q 


IFSR __ Blocks Setting of 
Interrupt Code 5 


1-Fetch 
ROS Decode Normal EOP A Request (Diagram 5-20) 
IC(21) = 0 Delayed {F 
Rage aio Stor Request Block Prot 
=11 (L12) [eels = Blocks Setting-at 
Branch Instruction Interrupt Code 4 


Execution 


D(21, 22) =11 A 
Clock P2 (Diagram 5-20) 
KD701 

(Not) I-Fetch 3 Tgr 
|-Fetch 1 Tgr 
(Not) Clock P1 


(Not) ROS Decode NEOP 
(Not) ROS Decode BEOP 
D Register Store 

(Not) Clock P1 


1] - or 2-Halfword 
Nonbranch Instruction 


] —— INST- 
MSREQ (G22) A 


IF 1 TGR ® (Not) IF 3 


KD70) 1——»INST-MSREQ (G22) 
Predecode SS Format - 
= SS NEOP or BEOP 
ond Not Met ent 
1C(21, 22) = 00 


KD701 


Branch Instruction 
1-Fetch 


Protection Check (Pulse) 


Invalid Address (Pulse) 


|-Fetch 
Invalid 
Address 
|= 


CPU 5 Lth NEOP or BEOP 
(Not) PT 


IC(21, 22) = 00 


Clock P2 


Test if Next Instruction 


| : 
|| A 
Pale Invalid 
Has Valid Address [| 


Instruction 
Address 
Gate 
I-Fetch 1C(21, 22) = 11 
invalid Branch Predecode Not RR Format 
Address Invalid 
T Address KD711 
Clock P2 a Fah 
Clock PI | | 


(Diagram 5-20) 


Protected 
Branch 
Address 


1- or 2-Halfword 
Non~Branch Instruction, | {-Fetch 1 Latch 


SS Instruction, or Any (Not) 1—»INST-MSREQ 
Branch Except Branch 
on Condition IF-INV —®TGR (F38) A (Diagram 5-20) 


IC(21, 22) = 00 
KD711 i 


Unsuccessful Branch 


on Condition KD711 
Cae ener Cond not met for BC or BCR 
inQ (Not) BC or BCR 0 —» BR-INV-ADR (G23) 
BC or BCR (Not) Clock PO-1 
E(12-15) =0 A KD701 
__RR Format 
KD711 
1C(23) = 1 Inv Inst Adr 
(Priority) 
D(23) = 1 
6 Block Q-Register Refill Priority 
BEOP 
KM821 
(Not) Man Cntl + TCS + PSC + Intrpt 
(+ CPU Store) Priority EXCEP_(K25) e Force ROSAR to 002 (Hex) 
KM821 
RX001- 
RX101 


Diagram 5-29. Invalid Instruction Address Test Exceptional Condition (Sheet 1 of 2) 


7201-02 FEMDM (7/70) 5-29, Sh 1 


Ist 1-Fetch Cycle No. Interruption or Higher Priority 
Exceptional Condition Pending 


Yes No 


BEOP 
and D(23) 
=1 


No 


"Invalid 
instruction address’ 
trigger 
set 


Force ROSAR 
to 002 (hex). 


Diagram 5-30 ; Entire I-Fetch 


Perform only Ist Diagram 
\-Fetch cycle 5-6 performed. 
per format. 5-9 Test for Q-register 

5-13 refill exceptional 


5-14 


condition. 


Invalid Instruction Address 
Test Exceptional Condition 


Microprogram 
QT041 

Reset 'IF Performed by 

invalid addr' and ‘IF-INV—»TGR' 
‘invalid inst addr’ micro-order. 

triggers. 

‘Invalid 
> Yes No address' ll 


signal 


Decrement IC Decrement IC 


by 16 (hex) and by 8 (hex) and ‘Protection 
transfer to D. transfer to D. check’ 
signal 


Set ‘protection check 
to CPU’ latch. 


Set ‘interrupt 
code 4' trigger. 


Reset ‘branch invalid Performed by 


addr' and ‘prot branch ‘O —» BR-INV-ADR' 
addr' triggers. micro-order, 


Set ‘interrupt Performed by 
code -2' and '-4’ ‘| —» IVSPEC' 
triggers. micro-order. 


triggers. 


Issue 3-cycle storage 
request per D. 


Set STC to 0. 


Block setting of 

interrupt code 
triggers by all 
micro-orders. 


Add 1 to STC. 


4-cycle wait for 
possible protection 
check signal . 


Diagram ‘5-22 
Program 
interruption. 


Diagram 5-29. Invalid Instruction Address Test Exceptional Condition (Sheet 2 of 2) 


5-29,Sh2 (7/70) 


Set ‘invalid CPU 
address‘ latch. 


Set ‘interrupt 
code -1' and '-4' 


(Not) |-Fetch Sequencer 2 (Latch) 


Vv 3 Vv 4 Vv 5 v 6 


(Not) Inhibit NEOP Request 


(Not) Predecode Branch NEOP (D1) 


(Not) Predecode SS IC Storage Request 3 Cycles 


Set IC Syne and 3-cycle 


(Not) Execute Trigger ; Syne Latches 


1C(21, 22) = 10 
IC(21,22) = 01 


Predecode (Not) RR Format 


IC St R t 4 Cycl 
orage Reques wt Set IC Syne Latch 


EEOP 
Request 


D(2 =10 ' 
(21,22) =1 . I-Fetch Sequencer 3 
Block [-Fetch Trigger Jon 


D(21, 22) = 01 


KD803 
KD801 
Jape Oar Icesiet 1a EOr Starts I-Fetch Sequencers 
IF F (Diagram 5-15) 
|-Fetch Sequencer 2 (Latch) Ad oised 
For Predecode (Not) RR Format 
2-Cycle ” Predecode (Not) Shift Insts z | 
Early A |-Fetch Storage Request In Progress , Q-Refill Priority 
End Op Predecode (Not) RX Format (Not) Invalid Inst Addr Test Priority 
Stor) Priorit EXCEP (K25) A Force ROSAR per Table 
R(12-15) = 0 (Nonindex) (Not) Man Cnt!_+TCS +PSC + Intrpt (+ CPU Stor) Priority on This Page 
KM83 
KD501 e,  MEE RXOO1- 
: RX101 ROSAR Bits Forced by Q-Register Refill Priority and EXCEP Micro-Order 


Ist I-Fetch Cycle 


Inhibit 
Q-refill 


Force ROSAR 
to 030 (hex) 


Perform Q-refill 
exceptional 
condition next 
cycle. 


Diagram 5-6 


RR I-Fetch. 


Force ROSAR 
to 032 thex). 


. 


0's (unconditional ) 
1 (unconditional) 
Not shift © Not 2-cycle early end op 


Not shift * R(O) = 1 
Not shift « R(1) = 1 
0 (unconditional) 


No Interruption, Timer, CPU Store in Progress, Manual 
Control, Program Store Compare, or Invalid Instruction 
Address Test Exceptional Condition Pending 


Yes RR No 
format 


No 


RS or SI No (SS Format) 
format 


Yes 


IC(21, 22) = No 


01 or 10 


N 
IC(21, 22) = = 


01 or 10 


Inhibit 
Q-refill 
request 

(see Note) 


Inhibit 
Q-refill 
request 

(see Note) 


Q-refill 
exceptional 
condition 

not needed. 


No Yes (Shift) 


Op code 
= 1000 IXXX 


No (Indexed) 


Force ROSAR 
to 022 (hex). 


Force ROSAR Force ROSAR Force ROSAR Force ROSAR 
to 03A (hex). to 034 (hex). to 024 (hex). to 020 thex). 


Q-refill 
exceptional 
condition 

not needed. 


Perform Q-refill 
exceptional 
condition next 
cycle. 


Perform Q-refill 
exceptional 
condition next 
cycle. 


Q-refill 
exceptional 
condition 

not needed. 


Inhibit 
Q-refill request 
(see Note). 


Note: End-op word request for new instructions is Pragran: 3 Q-refil! 


inhibited when ‘execute in progress’ trigger is 
set or when branch or SS instruction is being fetched. RX I-Fetch. 


exceptional 
condition 


not needed. 
RS and SI I-Fetch. 


Diagram 5-14 


SS I-Fetch. 


Diagram 5-13 


Diagram 5-30. Test for Q-Register Refill Exceptional Condition 


7201-02 FEMDM (7/70) 5-30 


Setting Condition 


Not shift ¢ Not 2-cycle early end op © indexed RX format 


> 2 Vv 3 Vv 4 Vv 5 v 6 


a ee 


@ RR format. 0 78 Wiz) 1516 19 20 31 


e Purpose: Load 2nd 
operand (in storage) into 
1st operand location 


Fetch doubleword (containing (in GPR, per RI). 


e Purpose: Load 2nd operand (in GPR, per R2) 
into Ist operand location (in GPR, per R1) 


Fetch 2nd operand 
from GPR per R2. 


A word-length 2nd operand) 
from main storage. 
Load 2nd operand into 
GPR per RI. | 
Select word-length 2nd operand 
doub! d D(21). 
A. Load, LR (18) from doubleword per D(21) 
> 


Load 2nd operand into 
GPR per RI. 


B. Load, L (58) 


B Diagram 5-101. Load, LR (18); Load, L (58) 


> e RX format: 
a ee 
0 78 NZ 1516 1920 Fy) 
@ Purpose: Load halfword 2nd operand (in storage) into Ist operand 


location (in GPR, per R1). 

Cc @ Conditions at start of execution: 
1. Ist 16 bits of instruction are in E. 
2. Ist operand is in S and T (not used). 


3. 2nd operand address is in D, 
4, Main storage request for 2nd operand has been issued per D. 


Diagram 5~9 


> RX |-Fetch. 
QB011 t Specification test. 


Yes No 


Set interruption code Place 1's into 
6 and 'program PAL(32-59). SDBO 
interrupt’ latch. 


> Shift left 8 and Obtained by shifting 
Diagram 5-22 place into A. i left 4twice. A | FFFF F000 | 


E egos a eee 


Yes No 


Select word 
| containing specified 
halfword. 


A | FFFF 0000 


Transfer A to PAL 
and shift left 4. 
Place result into A. 


Transfer A to PAL 
and shift left 4. 
Place result into A, 


> 
Gate $SDBO(32-63), Gate SDBO(0-31), 
2nd operand, to T. 2nd operand, to T. 
F : : 
iSelect specified halfword. | 
Yes No 
> 
Transfer 1(48-63), Gate 1 to Transfer 1(32-47), Mie Gate 1 to 
halfword operand, to PAA (47) if halfword operand, to PAA (47) if 
PAA( 48-63) « I T(48) =0. PAA(48-63) . 1(32)=0. 
G 
Transfer A to 
_ PAB(32-63). 
> Add PAA and PAB, 
and propagate T(48) 
into PAL(32-47). 
Transfer PAL(32-63) to T. Places 2nd operand 
Transfer T to GPR per into Ist operand 
H £(8+11). location. 


> Diagram 5-102. Load Halfword, LH (48) 


5-101, 102 (7/70) 


e@ RR format: 


0 : 78 12 15 


RR I-Fetch. 


@ Purpose: Load 2nd operand (in GPR, per R2) into Ist operand 


location (in GPR, per R1) and set CC according to result. 
Transfer T 


(2nd operand) 
to PAA(32-63) . 


@ Conditions at start of execution: 
1. Instruction is in E. 
2. Ist operand is in A, B, and D (not used). 
3. 2nd operand is in S and T. 


Set STATA 
if PAL =0. 


Transfer T to GPR 
per E(8-11). 


Yes 
(Result Negative) 


Set CC to 1. Set CC to 2. 


No (Result Positive) 


‘T Set CC 400. 


Diagram 5-103. Load and Test, LTR (12) 


BR I-Fetch. | st | ee | 
t+) 78 12.12 35 


QB011 @ Purpose: Load 2's complement of 2nd operand (in GPR, per R2) into 
Ist operand location (in GPR, per R1) and set CC according to result. 


Transfer 2's complement sas . 
of 2nd operand from T @ Conditions at start of execution: 


: ]. Instruction is in E. 
32-63) . é 
forPAL(S2~63) 2. Ist operand is in A, B, and D (not used). 
3. 2nd operand is in S and T. 


Set STAT A if PAL =0. 
Set STAT B if 
fixed-point overflow. 


Transfer PAL(32-63) 
to T. 


Transfer T to GPR 
per E(8-11). 


STAT B set 


Yes (Result Negative) No (Result Positive) 


Set CC to 1. Set CC to 2, 


Set CC to 3. 


Set CC to 0. 


Diagram 5-104. Load Complement, LCR (13) 


7201-02 FEMDM (7/70) 5-103, 104 


2 Vv 3 v 4 Vv 5 v 6 


RR I-Fetch po | | re 
: 0 78 WW 12 15 


QB011 : @ Purpose: Load 2nd operand (unchanged if positive, 2's complemented if negative; in 


Taauler Be perond GPR, per R2) into Ist operand location (in GPR, per RI). 


"from T to PAA e@ Conditions at start of execution: 


1. Instruction is in E. ; 
2. Ist operand is in A, B, and D (not used). 
3. 2nd operand is in S and T. 


(32-63) . 


Set STAT A if 
PAL(32-63) = 0. 


Transfer 2nd operand 


from T to GPR per 


E(8~11). 


— 


Yes No 


Transfer 2's 
complement 

of 2nd operand 
to PAA(32-63). 


If overflow, 
set STAT B. 


Transfer PAL(32~63) 
to T. Transfer T to 
GPR per E(8-11). 


Y 
| © STAT B set Spee 
D 


Set CC to 0. 


STAT A set 


Set CC to 3. 
> a 


if T(32) =0, set CC to 2. 


Diagram 5-105. Load Positive, LPR (10) 


5-105 (7/70) 


2 v 3 an 4 v 7 v 6 


ee ee 
RR 1-Fetch. 7 or — r 


QBO01 ; @ Purpose: Load 2nd operand (unchanged if negative, 2's complemented 
if positive; in GPR per R2) into Ist operand location (in GPR, per R1). 
Transfer 2nd operand 
from T to PAA e Conditions at start of execution: 
(32-63) . 1. Instruction is in E. 
2. Ist operand is in A, B, and D (not used). 
3. 2nd operand is in S and T. 


Set STAT A if 
PAL(32-63) =0. 


Transfer 2nd operand 
from T to GPR 
per E(8-11). 


Transfer 2's 
complement 

of ‘2nd operand 
to PAA(32-63). 


Transfer PAL(32-63) to T. 
Transfer T to GPR per 
E(8-11). , 


If (32) = 1, set CC to 1. 


Set CC to 0. 


_ Diagram 5-106. Load Negative, LNR (11) 


7201-02 FEMDM (7/70) 5-106 


Set interruption code 


3 v 4 v 5 Vv 6 


e RS format: 


ee 
e Purpose: Load 2nd operand (as many words as required; in storage) into GPR's, in ascending order, 


0 78 Niz2 1920 ry 
Diegcon 3-38 starting with Ist operand location (per R1) and ending with 3rd operand location (per R3). 


RS I-Fetch.. e Conditions at start of execution: 
1. Ist 16 bits of instruction are in E. 


/ 2. Ist operand is in $ ond T (not used). 
QK011 3. 
4. 


2nd operand address is in D. 
: / Mai : 
Gate -64 to F. ain storage request for 2nd operand has been issued per D. 
| Specification test. | 


Yes 


PAL(62,63) = 0 


6 and 'program 


interrupt’ latch; 
force end op. 


Diagram 5-22 


Program interruption, 


Diagram 5-107. Load Multiple, LM (98) 


5-107 (7/70) 


Yes (Right Word) 


ees 


INTO LS 


Gate SD80(32-63) 
to T. 


ae 


No (Left Word) 


Yes (1 Word) 


INTO LS 


Gate SDBO(32-63) 
toT. 


Tronsfer T to GPR per 
E(8-11). Add.1 to 
E(8-11). 


Generate 3-cycle 
storage request; 

await doubleword 
from main storage. 


LOAD LEFT WORD 
INTO LS | 


Gate SDBO(0-31) 
toT. 


LOAD RIGHT WORD | 


Yes (2 Words) 


"No (More Than 1 Word) 


| 
ere 


Gate $DBO(32-63) 
toT, 


Transfer T to GPR per 


£(8-11). 
£(8-11). 


Gate SDBO(0-31) to T. 
Gate SDBO(0-63) to AB. 


Transfer T to GPR per 


£(8-11). Add 1 to 
£(8-11). 


Transfer B to T. 


Transfer T to GPR 
per E(8-11). 


Generate 3~cycle 
storage request. 
Transpose F(0-3) 
and F(4~7). 


Add 4 [F(4-7)] to D; 
await doubleword 
from main storage. 


feat aie 


Subtroct 1 
from E(12-15). 


Yes (Start With Right Word) 


No (More Than 2 Words) Yes (2 Words) 


No (Start With Left Word) _ 


No (More Than 2 Words) 


Gate SDBO(0~31) to T. 


Add 1 to Gote SDBO(0-63) to AB. 


Transfer T to GPR per 
E(8-11). Add 1 to 
E(8-11). 


‘Generate 3-cycle 
storage request; 

await doubleword 
from main storage. 


Transfer B to T. 


Transfer T to GPR 
per €(8-11). 


§ D(21) =0. | 


ee 


No (More Than 2 Words) 


- 
| 
| 
| 


Yes'(2 Words) 


Yes (1 Word) 


INTO LS- 


No (More Than 1 Word) 


"Add 1 to (8-11), 
Add 1 to E(8-11). 


LOAD DouBLewoRD | 
INTO LS AND FETCH 
NEXT DOUBLEWORD 
FROM MAIN STORAGE 


ieee ee ea 


BASIC LOAD LOOP 


2 Vv 3 


@ RR format: AR, ALR, SR, SLR, CR. 


[ore [Te | 


9) 78 WW 12 15 


e Purpose: 

1. AR, ALR, SR, SLR = Algebraically add 
(subtract) 2nd operand (in GPR, per R2) 
to (from) Ist operand (in GPR, per RI) and 
place result into Ist operand location. 

2. CR - Algebraically compare Ist operand 
(in GPR, per RI) with 2nd operand. (in GPR, 
sper R2) and set CC according to result. 

@ Conditions af start of execution: 

1. Instruction is in E. 

2. Ist operand isin A, B, andD. 

3. 2nd operand is in S and T. 

@ Op codes: 

Add, AR=1A. 

Add Logical, ALR =1E. 
Subtract, SR = 1B. 

Subtract Logical, SLR = IF. 
Compare, CR =19. 


1. 
2. 
3. 
4. 
5. 


Diagram 5-6 


Yes (Right Word) 


Gate 
SDBO(32-63) 
to T. 


Diagram 5-108. Fixed-Point Add-Type Instructions (Sheet 1 of 2) 


4 4 


e@ RX format: A, AH, AL, S, SH, SL, C, CH. 


force [u>wl[e] = 


te) 


78 11:12 15 16 19 20 31 


e Purpose: 


1. 


2. 


A, AL, S, SL - Algebraically add (subtract) 2nd 
operand (in storage) to (from) Ist operand (in GPR, 

per R1) and place result into Ist operand location. 
AH, SH - Algebraically add (subtract) halfword 2nd 
operand (in storage) to (from) Ist operand (in GPR, per 
R1) and place result into Ist operand location. 


. C -Algebraically compare Ist operand (in GPR, per 


R1) with 2nd operand (in storage) and set CC according 
to result. 


. CH -Algebraically compare Ist operand (in GPR, 


per R1) with halfword 2nd operand (in storage) and set 
CC according to result. 


e@ Conditions at start of execution: 


Transfer Ist 


operand from 
T to B. 


RWNH— 


ONANRWN—O 


Yes / PAL(62,63) 


Ist 16 bits of instruction are in E. 
Ist operand is in S and T. 

2nd operand address is inD. 

Main storage request for 2nd operand 
has been issued per D. 


p codes: 

. Add, A=5A. 

. Add Halfword, AH =4A. 

. Add Logical, AL =5E. 

. Subtract, S = 5B. 

. Subtract Halfword, SH = 4B. 

. Subtract Logical, SL = 5F. 

. Compare, C = 59. 

. Compare Halfword, CH = 49.° 


Transfer 1st 
operand from 
T to B. 


RX |~Fetch 


(word), 
1 Specification test. | 


Gate 1's to 
PAL(32-59), 


@B001 


=0 
No Shift PAL left 8 


toA. 


Set interruption 
code 6 and 
‘program 
interrupt’ latch; 
force end op. 


No (Left Word) 


Diagram 5-22 


Program 
interruption. 


No (Left Word) 


Gate 
SDBO(0-31) 
to T. 


Shift PAL left 4 
toA. 


Gate 
SDBO (0-31) 
to T. 


No (Left Halfword) 


Gate 1(32-47) 
to PAL(48-63), 


Propagate T(32) 
into PAL(32=47), 


Sheet 2 


RX |I-Fetch 
(halfword), 


Specification test. 


I 
QsB001 | 


| 
Yes No 
PAL(63) = 0 


Set interruption 
code 6 and 
‘program 
interrupt’ latch; 
force end op. 


Diagram 5-22 


Program 
interruption. 


SDBO| FFFF FFFO 


A| FFFF F000 


Yes (Right Word) 


Gate 
SDBO(32-63) 
to T. 


A| FFFF 0000 


Yes (Right Hal fword) 


Gate T(48-63) 
to PAL(48-63), 


Propagate T(48) 
into PAL(32-47), 


7201-02 FEMDM (7/70) 5-108, Sh 1 


Sheet 1 


QF001 


Sub/Comp. Add 


Transfer 2's 

complement| of 

| 2nd operand in T 
to PAA(32-63). 


Transfer 2nd 
operand from T 
to PAA(32-63), 


Transfer Ist 
operand in B 
to PAB(32-63), 


| Add PAA and 
' PAB, and place 


result into 
PAL(0-63). 


Add/Sub/Comp Add Log/Sub Log 


Set STAT B if Used for setting Transfer | Allows testing of 
fixed-point CC. See table. PAL(24-67) to | A(31) for setting of 
overflow, AB(24~67), CC. See table. 


Set STAT A if | 
PAL = 0. 


I Used for setting 
| CC. See table. 


Transfer result 
of addition in 
PAL to T. 


Yes Compare" 


Instruction 


Transfer T to 
GPR per E(8~11). 


[nn PAL equals zero. 
PAL is less than zero. 
PAL is greater than zero. 
' Overflow. 
Add Logical é PAL equals zero and no carry from PAL(32). 
PAL does not equal zero and no carry from 
PAL(32). 
PAL equals zero and carry from PAL(32). 
PAL does not equal zero. and carry from 
PAL(32). 


-| Subtract Logical Same as Add Logical. 
Same as Add Logical. 
Same as. Add Logical. 


Compare Operands are equal. 
Ist operand is less than 2nd operand. 
Ist operand is lessthan 2nd operand. 
= Ist operand is greater than 2nd operand. 
= Ist operand is greater than 2nd operand. 


Set CC per 
hardware 


conditions. 
See table. 


Diagram 5-108. Fixed-Point Add-Type Instructions (Sheet 2 of 2) 


5-108,Sh 2 (7/70) _ 


Multiply (MR) 1C 


e RR format: , 


Pe pele] 


0 78 ni2 15 

@ Purpose: Multiply Ist operand (in GPR, per R1 + 1) by 
2nd operand (in GPR, per R2) and place 64-bit result 
into Ist operand location (in GPR, per Rl and RI +1). 


e Conditions at start of execution: 
1. Instruction is in E. 
2. Contents of even-address GPR specified by R1 is 
in A,B, and D (not used). 
3. Multiplicand (Ist operand) is in odd-address GPR 
specified by R1 +1. 
4, Multiplier (2nd operand) is in S and T. 


Diagram 5-6 


RR I-Fetch. 
©) peer | 


@B021 


Specification test. 


Yes 


Load 15 into 
E(12-15) and 
3 into STC(0-2). 


Set interruption 
code 6 and 
‘program 


interrupt! latch; 
force end op. 


Transfer 
multiplicand 
from GPR to T 
per E(8-11) +1. 


Diagram 5-22 


Program 
interruption. 


Diagram 5-109. Fixed-Point Multiply (Sheet 1 of 3) 


Diagram 5-9 


RX 1-Fetch 
(word). 


@B021 


i 
a 


Sets up conditions to 
select first multiple. 


Gate 
SDBO(32-63), 
multiplier, 

to T. 


Yes 


4 


v 5 


Multiply (M), 5C and Multiply Halfword (MH), 4C 


| Specification test. 


Yes 


Place 15 into 
E(12-15) and 


3 into STC(0-2). 


Transfer 
multiplicand 
from GPR to S$ 
per E(8-11) +1. 


Sheet 2 


RX format: 


pax [alee], =| 


t] 78 1112 15 16 19 20 3 


Purpose: 
1. M- Multiply Ist operand (in GPR, per R1 + 1) and 


2nd operand (in storage) and place 64-bit result into 
1st operand location (in GPR, per Rl and R] + 1). 


2. MH - Multiply Ist operand (in GPR, per R1) and 


halfword 2nd operand (in storage) and place low-order 
32 bits of result into Ist operand location. 


Conditions at start of execution: 
1. 1st 16 bits of instruction are in E. 
2. Contents of even-address GPR specified by R} is in 


S and T for M instruction (not used). 


3. Ist operand for M instruction is in odd-address GPR 


4. 
5. 
6 


No 


specified by RI +1. 

Ist operand for MH instruction is in S and T. 

2nd operand address is in D. 

. Main storage request for 2nd operand has been issued per D. 


Place 15 into 
E(12-15) and 


3 into STC(0-2). 


Place 1's into 
PAA(40-59) and 
shift left 4 to 

PAL(36-55). 


Transfer PAL to 
Aand A to 
PAB(32-63). 
Shift left 4 to 
PAL(32-51). 


Yes 


Gate 
SDBO(0-31), 
multiplier, 

to T. 


Gate 
SDBO(0-31), 
multiplier, 

to T. 


Transfer PAL 
to Aand A to 
PAB(32-43). 
Shift left 4 to 
PAL(28-47), 
and transfer 
PAL(32-63) 
to A. 


No 


Transfer A(32-47) 
to PAB(32-47). 


Transfer hal fword 
multiplier bits 

from T(32-47) to 
PAA(48-63). 


Add PAA and 
PAB, and propa~ 

gate sign of half- 
word operand into 
PAL(32-47). 


Transfer 
PAL(32-63) to’ 
T. 


Diagram 5-9 


RX 1-Fetch 
(halfword). 


Specification test. 


QB02) 


Yes 
PAL(63) = 0 


Gate 


multiplier, 
to T. 


Yes 


to PAB(32-47). 


multiplier bits 


PAA(48~63). 


7201-02 FEMDM (7/70) 5-109,Sh1 


SDBO (32-63), 


Transfer A(32-47) 


Transfer halfword 


from T(48-63) to 


No 


Sheet 1 


@B021 


Select M1,M2 bits. Select 
multiple per MI,M2 bits and 'TX' 
trigger, gate multiple to PAA, 
and decrement E(12-15). 


Select multiple per M1,M2 bits 

and 'TX' trigger, gate multiple to PAA, 
and decrement E(12-15). Shift PAL 
right 4 and gate to AB. 


Select multiple, gate it to PAA, 
and decrement E(12-15). Shift 
PAL right 4 and gate to AB. 
Gate B(66,67) to SAL, gate F 
to serial adder, gate SAL to F, 
and gate AB (shifted left 2) to PAB. 


Yes (Last Byte) 


Select multiple, gate it to PAA, 
and decrement E(12-15). Shift 
PAL right 4 and gate to AB. 
Gate B(66,67) to SAL, gate F 
to serial adder, gate SAL to F, 
and gate AB (shifted left 2) to PAB. 


£(12-15) 


Select multiple, gate it to PAA, 
and decrement £(12-15). Shift 
PAL right 4 and gate to AB. 
Gate B(66,67) to SAL, gate F 
to serial adder, gate SAL fo F, 
and gate AB (shifted left 2) to PAB. 


E(12-15) 


Select multiple, gate it to PAA, 
and decrement £(12-15). Shift 
PAL right 4 and gate to AB. 
Gate B(66, 67) to SAL, gate F 
to serial adder, gate SAL to F, | 
and gate AB (shifted left 2) to PAB. 
Gate SAL to S per STC, and © 
decrement STC. 


£(12~15) 


Diagram 5-109. Fixed-Point Multiply (Sheet 2 of 3) 


5-109, Sh 2 (7/70) 


Select 4th, 8th, and 12th 
multiple. Gate 2nd, 6th and 10th 
PP bit-pair to F. 


Select 5th, 9th, and 13th 
multiple. Gate 3rd, 7th and 11th 
PP bit-pair to F. 


Select 6th, 10th, and 14th 
multiple. Gate 4th, 8th, and 12th 
PP bit-pair to F, Gate Ist, 2nd, 
and 3rd PP byte to S per STC. 


Select Ist multiple (of T). 


Select 3rd, 7th, 11th, and 15th 
multiple. Gate Ist, 5th, 9th 
and 13th PP bit-pair to F. 


£(12-15) 


GPR per RI. 


Yes 


Gate S to PAA, PAL 
to T, and T to GPR 
perRI +1. 


Select multiple, gate it to PAA, 
and decrement £(12-15). Shift 

PAL right 4 and gate to AB. 

Gate B(66, 67) to SAL, gate F 

to serial adder, gate SAL to F, 

and gate AB (shifted left 2) to PAB. 


Decrement E(12-15). Shift 

PAL right 4 and gate to AB. 

Gate B(66,67) to SAL, gate F 

to serial adder, gate SAL to F, 

and gate AB (shifted left 2) to PAB. 


Gate B(66,67) to SAL, 

gate F to serial adder, 

gate SAL to S, and 

gate AB (shifted left 2) to PAB. 
Gate PAL to T and T to 


5 Vv 6 


Objectives: 


1. Select multiple (of T). 
a. Select M1,M2 bits from S per E(12-15) (A of Sheet 3). 
b. Select multiple (of T) per M1,M2 bits and 'TX' trigger 
(Table 1, Sheet 3). 


2. Develop partial product (PP) bit-pair. 
a. Add multiple to PP in AB (shifted right 2) (B of Sheet 3). 
b. Gate new PP to AB. 
c. Gate PP bit-pair [B(66,67)] to SAL per E(14,15) 
(C of Sheet 3). 


3. Develop PP byte. 
Add SAL to F. 


4. Develop low-order PP in S. 
a. When PP byte is complete, gate SAL to S per STC. 
b. When S is full (4 bytes of PP has been loaded), 
low-order product is in S and high-order product is in PAL. 


5. Store product. 
a. Store high-order product (in PAL) into GPR per R1 
(even register). 
b. Store low-order product (in S) into GPR per R1 +1 
(odd register) (per R1 for MH instruction). 


Select 16th multiple. 
Gate 14th PP bit-pair to F. 


E(1215) 


Gate 15th PP bit-pair to F. 
E(12-15) 


Gate 4th PP byte to S. 
Gate 16th PP bit-pair 
to SAL. 


E(12-15) 


No (Halfword) 


Gate S to PAA, PAL 
to T, and T to GPR 
per Rt. 


A. Derivation of Multiple 


PP 
8 7 15 24 | 31 Bit Placement C. Derivation of Partial Product Byte 


Decoder RB 


E SAL 

14, 15 | . Bits 

1 0 0,1 

11 2,3 

MPR Bus 0 0 4,5 
0 1 6,7 


Gate Control Triggers 
OXT, 1XT, -1 XT, 2XT, 
-2 XT RT 


32 63 


Multiple 
Selection per 
MI, M2 Bits 
and 'TX' 
Trigger 


Place PP byte into S per STC 
when all 8 bits are present 


Propagate Sign to.28,29 


Propagate Sign 


25 | 30 31 


Propagate Sign 


0's to 66,67 


TABLE 1. VALUE OF MULTIPLE DETERMINED BY MULTIPLE 
SELECTION BITS 


Multiple Selection 
ais 'TX! T-Register Times Set 'TX' 


Trigger Value Indicated Trigger 


28}29 66 (67 


26 {31 32 30 65 


PAB ; 
(Right 4) 7%. 
? 


-2xT 
-1 x T (2's Complement) 24 67 
xT 


2xT 


-1 x T (2's Complement) 


OxT 24 67 


t Used on last multiple selection if multiplicand is negative. 


32 . 67 


B. Derivation of Partial Product Bit 


Diagram 5-109. Fixed-Point Multiply (Sheet 3 of 3) 


7201-02 FEMDM (7/70) 5-109, Sh3 


2 
RR I-Fetch. 


Perform specification 
test and retain 

dividend divisor 
signs. 


Set interruption code 
6 and 'program 
interrupt! latch; 
force end op. 


Diagram 5-22 


Program interruption. 


Gate low-order dividend 
to S and high-order 


dividend to B, in true form 
Gate divisor to T. 


Set STAT D. 
Transfer LSWR to S, 
Transfer B to T. 


Transfer 2's complement 
of T and B. 


Sheet 3 


Diagram 5-110. Fixed-Point Divide (Sheet 1 of 6) 


5-110,Sh 1 (7/70) 


Carry from 
PAL(28) 


Places 2's complement 
of low-order bits of 
dividend into S, 


Places 2's complement 
of high-order bits of 
dividend into B. 


1 Specification test. | ; 


No 


Set STAT B if B(32) = 1. 
Set STAT G if T(32) =1. 


RR format - DR: 


| | oe | ee | 


0 78 N12 15 


Purpose: Divide Ist operand (in GPR, per RI and RI + 1) by 
2nd operand (in GPR, per R2) and place result into Ist 
operand location (remainder in GPR per RI; quotient 

in GPR per R1 + 1). 


Conditions at start of execution: 

1. Instruction is in E. 

2. High-order half of dividend (Ist operand) is in A, B, 
and D. 

3. Divisor (2nd operand) is in S and T. 


Place 1's into A. 

Transfer GPR to T \ Transfers low-order bits of 
per E(8-11) +1. | dividend from LS. 

Set STC to 000. 


2's complement T 


and transfer to LSWR,. 


Yes (Negative Dividend) ‘ 
STAT 8B set 


Transfer GPR to S 
per E(8-11) + 1. 


Set STAT.D. 
Transfer LSWR to S. 
Tronsfer B to T. 


2's complement T and 
transfer to PAA(32-63) . 
Transfer A to PAB(32-63) . 


Add PAA and PAB, 
and transfer result 


to AB(24-67). 
Transfer GPR to 
T per E(8-11). 
Set £(12-15) to 0000. 


DR (ID) Instruction initialization 


No (Positive Dividend) 


Transfer S to T. | Places divisor into T. 


Transfers low-order bits of 
dividend from LS to S. 


Places 2's complement 
of -low-order bits of 


dividend into S. 


a | Obtains complement of high-order 
(bits of dividend. 


} Places divisor into T. | 


Set interruption code 
6 and ‘program 
interrupt’ latch; 
force end op. 


Diagram 5-22 


Program interruption. 


Gate low-order dividend 
to S and high-order 
dividend to B in true - 


form, and retain signs. 
Gate divisor to T. 


Transfer B minus 
T to B. 


Sheet 3 


@ RX format - D: 


[  [e[=[#| | 


i) 78 VW 12 15 16 19 20 3 


@ Purpose: Divide Ist operand (in GPR, per Ri and RI - 1) by 
2nd operand (in storage) and place result into Ist operand location 
(remainder in GPR per R1; quotient in GPR per RI - 1), 


e Conditions at start of execution: 
1 Specification test. 1. Ist 16 bits of instruction are in E. 


2. High-order half of dividend (Ist operand) is in S and T. 
E(11) =O and 3. Divisor (2nd operand) address is in D. 
PAL(62,63) = 0 4. Main storage request for divisor has been issued per D. 


2's complement 


T and transfer 
to AB(24~67) . 


Transfer GPR (low-order 
dividend) to T per 
E(8-11) +.1. 


bene om b ‘Retoinrdividend sign, | 
Set E(12-15) 
to 0000. 


2's complement T 
(low-order dividend). 


Transfer T to LSWR. 


Yes (Negative Dividend) Cine No (Positive Dividend) 


Transfer LSWRtoS. Transfer S to B. 
Set STAT D. 
Transfer GPR per 
R1+1toS, 


Carry from 
PAL(28) 


! Correct high-order 
| dividend. 


Yes No 


Transfer divisor from Transfer divisor from 
SDBO(32-63) toT. SDBO(0-31) to T. 


Set STAT B if B(32) = 1. 
Set STAT G if 1(32) = 1. 


D (5D) Instruction Initialization 


Diagram 5-110. Fixed-Point Divide (Sheet 2 of 6) 


7201-02 FEMDM (7/70) 5-110, Sh 2 


2 ¥ 3 Yv 4 v 5 v 


Sheet 1, 2 


Ist reduction cycle. 
(Develop 2nd multiple 

and attempt to overdraw 
high-order dividend) . 


See B of Sheet 4. 
Append bit-pair of low-order 
dividend (in $) to high-order 

dividend in B. 


Select MI,M2 bits from 
S per E(12-15) and gate 
to PAL(64,65). Gate PAL 
(24-67) to AB(24~67). 


E(12-15) is used to select M1,M2 bits 
from S and to select location of 

| partial quotient (PQ) bit in SAL 

| and F, 


Increment E(12-15) by 1. I 


Select PQ bit [(inverse of 
A(28)] and gate to SAL 
(edd SAL) per £(14, 15) 
and 'DVDLO* micro-order 


See table in C of Sheet 4. 

First PQ bit ts extraneous; it is not 
gated to F, and is replaced by « 
valid PQ bit 2 cycles later. 


a2 
SAL(1) 


Yes 
(Negative Divisor) 
| Attempt to overdraw high-order 
> ; dividend (in 8) by reduction 
; te AB(6-67) left 2 t Gate AB(6-67) left 2 by doubling the divisor 
ees hee i to PAB(4-65), gate 2's 1 (r shifted left 1). 
(divisor) shifted left 1 complement of T ; 
to PAA(31-62), and (divisor) shifted left 1 
propagate sign to PAA to PAA(31-62), and 
(26031), Gote PAL Dee. Gee PAL 
~677 4-67). -31). Gate 

piensa: (24-67) to AB(24~67). 


Select 2nd multiple (of 
divisor) per T(32), carry 
from PAL (28), and 

‘DVDLO! micro-order - 


I See table in A of Sheet 4. 


Develop a byte of 
quotient in SAL and 
F and load into S. 


Add 2nd multiple to partial remainder,. 
gate Ist valid PQ bit to SAL and add 
to F, and seléct next multiple. 


aim) 


Select M1,M2 bits and 
gate them to PAL(64,65), 
gate AB(6-47) to PAB 
(6-67), gate 1(32-63) to 
PAA per multiple select, 
propagate sign, and gate 
D PAL to AB. Gate PQ bit 
to even SAL per E(14, 15) 
and 'DVDLI' micro-order, 
and add to F. Select 
next multiple. 


Gate AB(6~67) left.2 
to PAB(4~65), gate 
1(32-63) to PAA per 
multiple select, 
propagate sign, and 
gate PAL to AB. Gate 
PQ bit to odd SAL per 
£(14,15) and 'DVDLO' 
micro-order, and add to 
F. Select next multiple. 


<a 
wor | 
010 
<i 


Yes 
(2 More PQ Bits 
to Complete 

Byte in F) 


‘Increment E(12-15) by 1. 
Select M1,M2 bits and 
gate to PAL(64,65), 

gate AB(6~-67) to PAB 
(6-67), gate 1(32-63) to 
PAA per multiple select, 
propagate sign, and gate 
PAL to AB. Gate PQ bit 
to even SAL per E(14, 15) 
and 'DVDLI' micro-order, 
‘and add to F. Select 
next multiple. 


Yes (Last Quotient Byte) 


Increment &(12-15) by 1. 
Select M1,M2 bits and 
gate to PAL(64,65), 
gate AB(6-67) to PAB 
(6~67), gate T(32-63) to 
PAA per multiple select, 
propagate sign, and gate 
PAL to AB.‘ Gate PQ bit 
to even SAL per E(14,15) 
. and 'DVDL1' micro-order, 
“and add to F.Select next 
multiple. Set STAT C if 
S(0) =1. 


£(12-15) 


SAL(6) 


Increment E(12-15) by 1. 
Gate AB(6-67) to PAB 
(6-67), gate T(32-63) 

to PAA per multiple select, 
Propagate sign, and gate 
PAL to AB. Gate PQ bit 
to even SAL per E(14, 15) 
and 'DVDL1' micro~order, 
and add to F. (Last 
reduction cycle). 


q. : Gate AB(6-67) left 2 to | Store complete quotient byte into S 
ag f PAB(4-65), gate T | to accumulate quotient. Update 
p 7 (32-63) to PAA per _ E(12-15) and.STC for next byte. 


multiple select, 


propagate sign, and E(12-15) 
gate PAL to AB. Gate Tsay _| 
PQ bit to odd SAL per | 00 | SAL(7) 
£(14,15) and 'DVDLO' | oor SAL(7) 
micro-order, and add 

to F. Gate SAL to S . | 010 =| SAL() 


per STC. Select next 
multiple. Increment 
E(12-15) and STC by 1. 


Gate PQ bit[inverse of 
A(28)] to SAL(7) per 
£(14,15) = 00 and 
"DVDLO' micro - order. 
(Last PQ bit of last 
quotient byte.) 


Gate SAL to S per STC. 
(Lead last quotient 
byte.) 


Quotient 
complete 


yy Common Divide Routine 


Sheet 5 


Diagram 5-110. Fixed-Point Divide (Sheet 3 of 6) 


5-110, Sh3 (7/70) 


Shift Left 0 or Left 2 Gating 


0} 7 8415 16}23 24/31 


Gate Control Triggers 
TLO, TL?, TCLO, TCLI 


Pr. te Si 
‘opagate ar ge al 32 
4 63 
_ DVDLO DVDLI 


PAL(28) Mult JPAL(28 
Carry {|1(32){ Sel arry | T(32) 


00 to Bits 66 and 67; 
MI1,M2 to Bits 
64 and 65. 


A) Derivation of Divisor Multiple 


M1, M2 
Bit Selection 


Bit Select 


E Bit P 
14,15 | Pair Place PQ byte into S- 
per STC when all 8 bits 


00 0,1 are present in SAL 
$ Set if A(28) =0 

0 1 2,3 Reset if A(28) = 1 

10} 4,5 

11 6,7 

B) Transfer of Low-Order Dividend Bits C) Derivation of Quotient Bits 


Diagram 5-110. Fixed-Point Divide (Sheet 4 of 6) 


7201-02 FEMDM (7/70) 5-110, Sh4 


Sheet 3 


Establish proper 
sign and format 
for quotient 


and remainder, 
and store. 


Yes 


(2's Complement 
Quotient) 


Transfer B to PAB 


complement of T 
to PAA(32-63). 


Add PAA and PAB. 
Transfer result to B. 
Reset STAT G. 


Yes (Negative Dividend) 


Transfer B to T. 
Transfer T to GPR 


per E(8-11). 


Diagram 5-110. Fixed-Point Divide (Sheet 5 of 6) 


5-110, Sh 5 


(32-63) . Transfer 2's 


Yes (Negative Divisor) 


No (True Quotient) 


Sheet 6 


| 
| 
-¢ 
| 
| 


{ Addition to correct resultant 
|. remainder from last reduction cycle. 


eee nee eee 


Yes 
(Negative 
Dividend) 


2's complement T and 
transfer to B, 


No (Positive Dividend) 


Transfer StoT. — 


2's complement T. 


Transfer T to GPR : r Store quotient. 
per E(8-11) +1. 


r Store remainder. 


Termination, Quotient in 2's Complement Form 


Transfer B(32-63) to 
PAB(32-63) . Transfer 
1(32-63) to PAA(32~63) . 


No (Positive Divisor) 


Yes 
(2's Complement) 
Quotient) 


Add PAA and PAB. 
Transfer result to T, 


Reset STAT G, 


No (Positive Dividend) 


Set interruption 
code 9 and 
‘program interrupt’ 
latch. 


l-cycle early 
end op. 
Diagram 5-22 


Addition to correct resultant 
remainder from last reduction cycle. 


No (True Quotient) 


Sheet 6 


2's complements remainder 
to correct value.. 


2's complements quotient 
to correct value. 


I Fixed-point | 
{ divide ‘check. 


Negative Divisor Positive Divisor 


Sheet 5 . Sheet 5 


QB041 


No (Complement Remainder) 


Yes (True Remainder) No (Complement Remainder) 


Carry from 
PAL(28) 


1 oo 7 — 
Transfer B to T. distance geal Ticebor hist sr r . | 
. 63) . 
Transfer B to PAB | Transfer B to 
(36-63) . PAB(32-63) . 
| 
a oe eb 


Addition to correct 
resultant remainder 
from last reduction cycle. 


Add PAA and PAB. Addition to correct Add PAA and PAB. 
Transfer result to T. resultant remoinder "Transfer result to T. 


Transfer T to GPR ! Places remainder into LS. | “e Transfer T to GPR si Places remainder into LS. 
per E(8-11). per E(8-11). 


from last reduction cycle. 


Yes 


Ive Divi No (Positive Dividend Yes 
(Negative Dividend) Be Resitive Pivident) (Negative Dividend) No (Positive Dividend) 


2's complement T and Transfer S to T. ; ian 
ea teal to GPR bac iod 2's complement T. Transfer S to T. i Places quotient into LS, 


‘Transfer result to Transfer T to GPR 
11). 
per E(8-11) GPR per E(8-11). per E(8-11) +1. 


Transfer S to T. 


2's complement 1 Places quotient into LS. 
T and transfer 


result to GPR per 
E(8-11) +1. 


Reset STAT G. 


Termination, Quotient in True Form 


Diagram 5-110. Fixed-Point Divide (Sheet 6 of 6) 


\ 


7201-02 FEMDM (7/70) 5-110,Sh6 


2 
RX I-Fetch. 


Fetch doubleword 
2nd operand and 

save low-order word 
for later use 


Yes 
PAL(61-63) = 0 


Set interruption 
code 6 and 'program 
interrupt' latch; 

force end op. 


Diagram 5-22 


Program interruption. 


Select left digit 
of high-order 
byte of high-order 
word for conversion. 


Clear D, T, and A. 


Transfer S to 
SBB(0-7) per STC. 


Transfer SBB(0-3) to 
SAL(0-3) and 
SAL(4-7) . 


Transfer SAL to F. 


Double previous result 
(not applicable for 
first digit selected), 
add selected digit, and 
multiply sum by 5. 


Invalid digit 


Set STAT E, 


Transfer F(4-7) to 

PAB(60-63) . 
Transfer DT to 
PAA(7~62) .. 


Add PAA and PAB, and 
transfer PAL(8-63) to DT. 


Transfer PAL(32-63) . 
to B. 


Transfer DT to 
PAA(8-63). 


Transfer AB(6-67) to 
PAB(4-65) . 


--¢- 


Add PAA and PAB, and 
transfer PAL(8~-63) to DT. 


Select right digit 

for conversion. 
Transfer SBB(0-7) to 
SAL per STC. 
Transfer SAL to F. 

Add 1 to STC, 


Diagram 5-111. Convert to Binary, CVB (4F) (Sheet 1 of 2) 


5-111,Sh1 (7/70) 


| Specification test. | 3. 
a 4. 


——— 


H In effect, multiplies sum by 5. | 


v 


@ RX format: 


v 


[« [al=[e[@ 


° 78 Mh 12 15 16 19 20 


3 


e@ Purpose: Convert radix of 2nd operand (in storage) from decimal to binary 
and place result into Ist operand location (in GPR, per R1). 


@ Conditions at start of execution: 

‘ 1. Ist 16 bits of instruction are in E. 

2. 1st operand is in S and T (not used). 
2nd operand address is in D, 


Set STC to 000. 
Gate SDBO(0-63) 
to ST(0-63). 

Transfer T to LSWR,. 


Sheet 2 


Double previous - 
result, add selected 
digit, and multiply 
sum by 5. 


lnvaltd digit Ssco 


Set STATE, 


Add PAA and PAB, 
ond transfer result to DT. 


Add PAA and PAB, 
and transfer result 
1 Doubles value of previous to DT(8-63) . 
result (zero for high-order digit 


of high-order word). 


Select left digit of 
next byte for 
conversion. 


Transfer S8B(0-3) 
to SAL(0-3) and 
SAL(4~7) per STC. 


STC =011 
(last byte of 
word) 


No Yes 


STAT D set 
(low-order word) 


Sheet 2 


Transfer F(4-7) to 


Transfer PAL(32-63) 

to B. 

Transfer DT(8-63) to 
PAA(8-63) . 
Transfer AB(6~67) 
to PAB(4-65) . 


Transfer SAL to F. 


Main storage request for 2nd operand has been issued per D. 


t In effect, multiplies result by 2. | 


elf e jes 


Yes 


i Adds converted digit to 
selected decimal (BCD) digit. 


: ca 
| In effect, multiplies sum by 5. | 


Sheet 2 


Sheet 1 


Double previous result, 
add selected digit, and 
multiply sum by 5. 


Set STAT D. 


Transfer F(4-7) to 
PAB(60-63). 


Add PAA and PAB, and 
transfer result to 
DT(8-63). 


Transfer PAL(32-63) 
to B(32-63). 


Transfer DT r 
to PAA(8~63). 
| 

-—4 

Transfer AB(6-67) I 
to PAB(4-65). | 
| 

{ 

--4 


Add PAA and PAB, 
and transfer result 
to DT(8-63). 


Select right digit for 
conversion and 

transfer low-order 
word to S. 


Transfer SBB(0-7) to 
SAL per STC. 


Transfer SBB(0-7) 
to F. 
Set STC to 000. 
Transfer LSWR to S. 


Sheet 1 


Diagram 5-111. Convert to Binary, CVG (4F) (Sheet 2 of 2) 


Transfer DT(8-63) to { 
PAA(7-~62). I 


Doubles previous 


result. 


In effect, multiplies 


sum by 5. 


4 v 5 


Sheet 1 


QE021 


Double previous result, 
odd selected digit (last 
digit of low-order word). 


Invalid 
digit 


Set STAT E. 


Transfer F(4-7) to 
PAB(60-63). 


PAA(7-62). ' result, 


Add PAA ond 
PAB, and transfer 
result to DT. 


Present sign and 
test for validity: 


If digits and sign are 
valid, store result in 
proper form according 
to sign. 


Transfer T to GPR 
per &(8-11). 


Transfer 2's complement 
of T to GPR per E(8~11). 


Test for overflow. 
Set STAT G to 
value of T(32). 


PAL(32-63) = 0 


(T = 0) 
Transfer D to 
PAL(40-63). 


Transfer D to 
'  PAL(40-63). 


PAL(40-63) = 0 
(D =0) 


PAL(40-63) = 0 
(D = 0) 


Set interruption code 
9 and ‘program 
interrupt" latch. 


Transfer DT to [ Doubles previous 


Yes (Invalid Data) 


Set interruption code 


7 and ‘program 
interrupt! latch. 


l-cycle early 
end op. 


Program 
interruption. 


F(4~7) and STAT G are 


Yes tested to see if 
maximum number 


is exceeded, 


7201-02 FEMDM (7/70) 5-111,Sh2 


e@ RX format: 
ee ee ee 
r) 78 Wiz 516 19:20 FT) 


e@ Convert radix of Ist operand (in GPR, per R1) from binary to decimal 
and place result into 2nd operand location (in storage). 


A is e@ Conditions at start of execution: 
1. Ist 16 bits of instruction are in E. 
2. 1st operand isin S and T. 
a eae 
4. Main storage request for 2nd operand has been issued per D (not used). 


Perform specification 
1 Specification test. 


test and address 
i 


store compare 
test. Retain sign. 


PAL(61-63) =O Ne 


Set interruption code 


Gate IC to PAB, gate 
6 and ‘program 


2's complement of D + 
7 to PAA, and shift 
right 4 to PAL(8-67) . 
Set PSC trigger if 
PAL(40-63) = 0, or 

if 1C(21,22) = 11 and 
PAL(40-62) = 0. 


interrupt’ latch; 
force end op. 


Diogram 5=22 
Program 
interruption. 


Select 6th bit of 
byte in F and 
decimal correct. 


Gate PAL(32-63) 
to A and B. 

Set STAT C if 
S(0) =1. Set STC 
to 0. 


Same as "Block @". 


Some as "Block @". 


Transfer Ist operand, in 
true form, to S, and 
gate high-order byte 

of S to F (per STC) 


for conversion. 


Yes (Complement 
Integer) 


Gate 2's complement 
of T to S$. 


No (True 


Integer) Yes [ Lost (Low-Order) Byte 


Select 7th bit of 
byte in F and 
decimal correct. 


Same as "Block 0) " 
Some es “Block @ " 
Increment STC by 1. } 


Select 7th bit of 
byte in F and 
decimal correct. 


Some as "Block (1) ". 
Same as “Block @ ". 
Increment STC by 1. 


Select 8th bit of 


Gate D left 4 to T, 
transfer T to LSWR, 
and clear D. Gate 
Ist byte of S (per 
STC) to F via SAL 
and set ABC to 0. 


Select high-order bit’ 
of byte in F and 
decimal correct. 


2nd operand address 


to S. 


byte in F and 
Select 8th bit of decimal correct. 
byte in F and Set sign per 
ae decimal correct. STAT C. 


PAB, and a hot 
carry to PAA (63) 
if SAL(O) =1. 
Gate PAL to AB 
and DT. 


Gate next byte 
of S toF. 


Same as "Block @ . 
Gate LSWR to S. 


No (Positive 
integer) 


Add byte of S (per 
STC) to F, and gate 
SAL to F and $ 

(per STC). 


Shifts contents of 
SAL, F, and byte 
of S left 1. 


Yes (Negative 
Integer) 


Same as "Block @ mi 
(Gate next byte of S 
(per STC) to F via SAL; 
gate F(4-7) to SAA(0-3); 
gate 0000 to SAA(4-7). 
SAA equals all 0's.] 


Add byte of S (per STC) 
to F, gate plus sign to 
SA8(4-7), and gate 
SAL to F. 


Add byte of S (per STC) 
to F, gate minus sign to 
SAB(4-7), and gate 

SAL to F. 


Select next bit of 
byte in F and 
decimal. correct. 


Gate 6 to each 
half-byte of PAB 

for which the value of 
the corresponding 
half~byte of AB 
exceeds 4. Gate a hot 
carry to PAA(63) 

if SAL(O) =1. 

Shift DT left] to 

PAA. Gate PAL 

to AB and DT. 


Set ABC to 0. 


~—BLOCK (1) 


Restore 2nd operand 
address to D, insert 
sign, and store result 

into main storage per D. 


Select 1st (high-order) 
bit of byte in F and 
decimal correct. 


Gate F(4-7) to 
PAB(60-63) and 

$(0-31) to PAA(32-63), 
shift right 4 to 
PAL(8-67). Gate 
PAL(64~67) to B(64~67); 
gate PAL(40~63) to 
D{0-23) . 


Add byte of S (per 
STC) to F, and gate 
SAL to F and $ 

(per STC). 


— BLOCK (2) 


Some as "Block @ ". 
Same as "Block @ “ 


Select next bit of 
byte in F and 
decimal correct. 


Gate A8(4-7) to 
PAB(4-67), shift 

left 4 to PAL(4-63), 
and gote PAL(8-63) 
to AB(8-63). 


Same as "Block 0) ". 
Same as "Block 2) we 


Gate A(0~-31) to 
T and transfer T 
to LSWR. Initiate 
main storage 

request per D. 


Gate B(32-63) to 
T, gate LSWR 

to S, set marks 
(0-7) , and store 
result into main 
storage per D. 


Increment ABC by 1. 


increment ABC by 1. 


Diagram 5-112. Convert to Decimal, CVD (4E) 


5-112 (7/70) 


2 v 3 Vv 


RX I-Fetch. 


QE001 | Specification test. | 


Yes 


No PAL(62,63) 


=0 


Set interruption code 
6 and ‘program 


Transfer 2's complement 


of D to PAA(40-63) and 
7 to PAA(61-63). 


interrupt' latch; 
force end op. 


Diagram 5-22 Transfer IC to 
PAB(40-63). 


Program 
interruption. 


Add PAA and PAB. 
Shift right 4 into PAL. 


Yes PAL(40-63) No 


! 
oO 


PAL(40-62) 
=0 


Set 'PSC' trigger. 


Yes No 


Set mark triggers 
0-3 and gate 
operand into left 
half of main 
storage word. 


Set mark triggers 
4-7 and gate 
operand into right 
half of main 
storage word. 


No 


Protection 
check 


Set interruption code Main storage 
4 and 'program accepts data. 


interrupt’ latch 
during !-Fetch of 
next instruction. 


Late protection program 
interruption occurs after 
execution of next instruction. 


Diagram 5-22 : 
Program 
interruption. 


Diagram 5-113. Store, ST (50) 


e RX format: 
es 
0 78 WW 12 15 16 19 20 31 


e Purpose: Store Ist operand (in GPR, per R1) into 2nd operand 
location (in storage). 


e Conditions at start of execution: 
1. Ist 16 bits of instruction are in E. 
2. Ist operand is in S and T. 
3. 2nd operand address is inD. 
4. Main storage request for 2nd operand has been issued per D (not used). 


No 


7201-02 FEMDM (7/70) 5-113 


RX I-Fetch. | a 


fe} 78 VW 12 15 t6 19 20 v 


e Purpose: Store halfword Ist operand (in GPR, per R1) into 2nd 


QEoo | Specification test. operand location (in storage). 
A eno 


e Conditions at start of execution: 
1. Ist 16 bits of instruction ore in E. 
2. Ist operand is in S andT. 
3. 2nd operand address is inD. 
4. Main storage request for 2nd operand has been issued per 
D (not used). 


i~ 
o 
g 


PAL(63) = 0 


DETERMINE LOCATION OF HALFWORD 


Transfer D(21-23) | STC positions halfword into 
to STC. main storage doubleword. 


Set interruption code 
‘6 and ‘program 


“7 
I 
| 
| 
| 
| 


interrupt' latch; 
force end op. 


Transfer operand 
from T to B(32-63). 


Diagram 5-22 
Program 
interruption. 

RX I-Fetch. 9 | 


. Perform specification 
test. 


Determine location 
of halfword. 
Perform address store 
compare test. 

Store halfword into 
main storage. 


Load ABC to 6. 


Mark triggers gate data to main 


Set mark triggers 
per STC. storage when storage request is 


accepted. 


Transfer AB(48-55) 
to SAL per ABC. 


Transfer SAL to 
ST per STC. 


Issue 3-cycle 
storage request. 


Add 1 to ABC 
and STC. 


Lee oe eS eee ee ed 


Simplified Flow Chart 


P : Sia els See ae a ta ee 


T perroRM ADDRESS STORE 
COMPARE TEST 


Transfer 2's 
complement of D 
to PAA(40-63); 


gate 7 to PAA(61-63). 
Transfer IC to 
PAB(40-63). 


Add PAA and PAB, 


and shift result right 
4 into PAL. 


Yes PAL(40-63) No 
=0 


No 


PAL(40-62) 
=0 


Set 'PSC' trigger. 


bo 


ee | 


RERERETTEEIE EaReRneemienennes=teaeeteteststrtestenteatan 


STORE HALFWORD INTO 
Transfer B(56-63) 
to SAL per ABC. 


MAIN STORAGE 
Transfer SAL to 


| 
1 
| 
| 
| 
l 
| ST per STC. 
| 


Set mark triggers per 
STC and gate data 
into storage per 
mark triggers. 


Yes Protection 


check 


Se Se oe ee ed 


Set interruption code 4 | No 
and 'program interrupt ' 
latch during !-Fetch of base ee be a ee ee 


next instruction. 


g 
zs ‘ accepts data. 
i Late protection program 
; interruption occurs after 
Program 
interruption. 


execution of next instruction. 
Diagram 5-114. Store Halfword, STH (40) 


5-114 (7/70) 


v 5 v 6 


¥ 4 
e@ RS format: 
Diagram 5-13 : 
Te [eels > 
RS I-Fetch. 0 78 N12 15 16 19 20 31 
® Purpose: Store into 2nd operand location (as many words 
as required; in storage) contents of GPR's, in ascending 
order, starting with Ist operand location (per R1) and 
ending with 3rd operand location (per R3). 


Perform specification 


test. Issue main 
storage request. 


Yes Store No (More Than 1 Word) 


No (Start With 
Left Word) 


Prepare to store 
doubleword. 


Start 
with right 
word 


No (Left Word) 


Prepare to store Prepare to store 
right word. left word. ; 


Yes 


Prepare to store 
right word. 


Perform address store Perform address store 
compare test. compare test. 
Store into Store into 
main storage. main storage. 
pelle x te 
main storage 


address, and 
issue main 
storage request. 


‘@ = o 


Diagram 5-115. Store Multiple, STM (90) (Sheet 1 of 2) 


2701-02 FEMDM (7/70) 5-115, Sh 1 


Vv | 4 


3 
Diagram 5-13 
RS i-Fetch. 


PERFORM SPECIFICATION TEST. 
ISSUE MAIN STORAGE REQUEST. 


Yes 


Issue 3-cycle storage 
request per D. 


PAL(62, 63) 
=0 


Set interruption code 
6 and ‘program 


interrupt! latch; 
force end op. 


Eeat aspera 


Diagram 5~22 


Program 
interruption. 


Yes (Store 
1 Word 


T pREPARE TC STCRE 
RIGHT WORD 


Add 1 to &(8-11). 


Set mark triggers 4-7 
per PAL(61) =1 
[ same as D(21)] . 


| PREPARE TO STORE 
LEFT WORD 


| 
Add 1 to E(8-11). 
Set mark 
i triggers 0-3. 


| PREPARE TO 
STORE 
| pouBLEWwoRD 


Yes (Last Word) 


i PERFORM ADDRESS STORE 
COMPARE TEST 
D | 


Transfer 2's 
complement of D 

to PAA(40-63); 

gate 7 to PAA(61~63). 
Transfer IC to 
PAA(40-63). 


Add PAA and PAB. 


Shift result right 4 
to PAL. 


PAL(40~63) 
=0 


PAL(40-62) 
=0 


Set 'PSC' trigger. 


boi ee 


| 

| 

i | 
| | 
| | 
| | 
| 
| | 
i | 
| | 
\ | 
| 
{ | 
| | 
| Yes No | 
| | 
| | 
| | 
| 
| { 
| | 
| | 
I | 
I | 
| | 
| \ 
| { 
| | 


Fa sant ee pane ey ——-—-—-—--------4 


STORE INTO MAIN STORAGE 


Gate ST to main 
storage per mark 
triggers and D. 


i If a protection check exists when 
data is gated to storage, the 
data is not stored. 


eRe SRNR! (RSENS Ses arte NG SINT: EAD: el Oy GPO SS 
| Endep. | | REFILL S, UPDATE MAIN STORAGE 1 
ADDRESS, AND ISSUE MAIN 
| STORAGE REQUEST. ! 
| Add 1 to E(8-11). | 
| Add 8 to D. | 
| I 
| . | 
| Transfer GPR to S { 
i per E(8-11). | 
| | 
I { 
| Issue 3-cycle H 
| storage request. j 
| I 
be ee ee Se 
@ Yes (Last Word) <> No 
Diagram 5-115. Store Multiple, STM (90) (Sheet 2 of 2) 


5-115, Sh 2 


1 

I 

| 

| 

| y 

! 3. 2nd operand address is in D. 
4, 

| 

l 

| 

| 

| 

! 

J 


. 


. Add 1 to E(8-11). 


i eee alee 


v | 5 


e@ RS format: 


[= [s[*®|e] = 


0 78 W132 15 16 19 20 3 


e@ Purpose: Store into 2nd operand location (as many words os required; 
in storage) contents of GPR's, in ascending order, starting 
with Ist operand location (per R1) and ending with 3rd 
operand location (per R3). 


e Conditions at stort of execution: 
1.° Ist 16 bits of instruction are in E. 


Ist operand is in S and T. 


Main storage request for 2nd operand has been issued per D (not used). 


No (Store More 
Than | Ward) 


No (Start 
With Left Word 


Yes (Start With 
Right Word) 


— ee ee ee ee ee ee ee 


PREPARE TO STORE 
RIGHT WORD 


Add 1 to E(8-11). 


Set mark triggers 4-7 
per PAL(61) = 1 
[same as D(21 ))- 


feet © 


Transfer operand 
from GPR to T per 
E(8-11). 


| 


PERFORM ADDRESS STORE 
COMPARE TEST 


Transfer 2's 
complement of D 

to PAA(40-63); 

gate 7 to PAA(61-63). 
Transfer IC to 
PAA(40-63). 


Add PAA and PAB. 


Shift result right 4 
to PAL. 


Yes 


PAL(40-63) No 


=0 


No 
PAL(40-62) 
=0 


Set 'PSC’ trigger. 


ee eres eee ce eee ee ee ete me Se ee SD ci ORD CE ee Cree ee met en cmt me ce deme mney 
ees eee ees ees ee ee eres eee i ee ee eee ee ee eee ee ee eee ee ee ee cee ees ee owe 


r 
| 
| 
t 
! 
| 
| 
| 
| 
| 
| 
| 
1 
L 


STORE INTO MAIN STORAGE 


Gate ST to main 
storage per mark 
triggers and D. 


If a protection check exists when 
data is gated to storage, the 
dota is not stored. 


lars ge ee pe 


Protection 
check 


Set interruption code 
4 and ‘program 
interrupt’ latch. 


e RS format: 


0 78 <Ni2 516 1920 31 
| aS tech e@ Purpose: Shift Ist operand (in GPR, per Rl) left number of bit 


positions specified by low-order 6 bits of 2nd operand address. 


e@ Conditions at start of execution: 

Set STAT C if first 1. Ist 16 bits of instruction are in E. 
operand is negative. 2. Ist operand is in S and T. 

3. Amount of shift is in D and PAL. 


01 10 HW 
PAL(62, 63) 


00 
Shift left 1. Shift left 2. Shift left 1 | shirt ent. | Shift left 2. Shift left 1 
(and left 2). : 


Yes (Shift No (Shift 
Left 3 or Less) PAL(58-61) Left 4 or More) 
= 0000 


] 
wi £ PAL(62,63) » ul 


Suter LEFT 4 LOOP 


Check for overflow, set 
sign, and store result 


into GPR per RI. Check for overflow, set 


sign and store result into 


GPR per RI. 


shift 


| 
shift left 4. 1 hardware 
: | conditions. 
! 
; I 


r 
| 
! 
| 
1 
1 
| 
1 
| 
{ 
| 
| 
I 
| 
{ 
| 
| 
i 
| 
| 
| 
| 
| 
| 
| 
| 
| 
uu 


A) Simplified Flow Chart 


Diagram 5-13 
RS I-Fetch. 


Set STAT C 
if $(0) =1 
Q3504 
Yes (Shift No (Shift 
Left 3 or Less) PAL(58-61) Left 4 or More) 
00 or 10 ‘ Y Sheet 2 


PAL(62,63) 


Pann enc n- 


SHIFT LEFT 1 (AND LEFT 2) 


Beso ak Se ee es 5 : 
Caer us 1 
! _ : 

d shifted =, ; 
I PaL(sita}, | nai | Tronsfer T to | Operand shifted 
1 - PAL(31-62). left 1. 
| 
Propagate T(32) " - 
is ‘i ropagate T(32) into 
into PAL(26-31). PAL(26-31). 


Set STAT B if 


NO SHIFT 
7 PAL(26-32) is not all 


8 t 
Transfer T to T's of all O's. 
PAL(32-63). 


SHIFT LET 2 


Transfer T to 
PAL(32-63) . 
Propagate sign bit 
into PAL(24-67). 


Transfer PAL(24-67) 

to AB(24-67). 

Transfer AB(6-67) | Operand shifted 
to PAL(4-65). left 2. 


ewe eS ame od 


Transfer PAL(24-67) 
Set STATA to AB(24-67). 


if PAL = 0. 
Se ee ea eis 


cco 


eet arses, Rese a 


Sheet 2 


 aiactestontasieneatateienieateteatenbetetaaian 


B) Detailed Flow Chart (Continued on Sheet 2) ¢ Sheet 2 


Diagram 5-116. Shift Left Single, SLA (8B) (Sheet 1 of 2) 


2701-02 FEMDM (7/70) 5-116,Sh1 


Sheet | 


QJ504 


01 10 tT 
~ PAL(62,63) - 


Transfer D(18-21) ; ee ee ee ee ee eee 
to E(12-15). SHIFT LEFT 1 AND LEFT 4 7 


Transfer D(18-21) 


to E(12-15). 
Propagate T(32) 


Clear B(64-67). 
into PAL(26-31). 2 
: Transfer T(32-63) | Operand shifted 
pet a ee Saree ee ne ee ee Se to PAA(31-62). left 1 
NO SHIFT 

Transfer D(18-21) © Propagate T(32) 

to E(12-15). into PAL(26-31). 
Transfer parallel 


| 
| 
| 
| ; 

: Transfer T to 
| propagate sign bit adder (8-67) left 
| 
| 
7 
| 
| 


Transfer T to 
PAA(31-62). 


| Operand shifted 
left 4. 


into PAL(26-31).. 4 to PAL(4-63). 
Propagate T(32) 
into PAL(26-31). Transfer PAL{24-67) Set STAT B if 
to AB(24-67). . : 
oAnerer PAL(26-32) is not all 


a : T's or all O's. 


Transfer PAL(24-67) 
Transfer AB(6-67) H Operand shifted to AB(24-67). 
to PAB(4-65). left 2. 


No (Shift Yes (Shift 
a a La a se a es ced Left 6) E(12-15) Left 2) 
r q z 
SHIFT LEFT 4 = 0001 
l | 
| Transfer parallel Operand shifted | 
| adder (8-67) to | left 4. | 
| PAL(4-63) . I 
ares } | 
tees oe a es bee eas eee ee ee pee ees J 
SHIFT LEFT 4 LOOP 7 Subtract | from 
£(12-15). | 
| 
ae J 
Transfer T to Feet A aaa Ts Ca | 
PAA(32-63) . SHIFT LEFT 2 
| Subtract 1 from 
Eaes 1 £(12-15). 
fransfer parallel | Operand shifted | | 
adder (8-67) left 4. = 
to PAL(4-63). | In effect, shift Transfer AB(6~67) y 
ere left 2. to PAB(4~65). | 
2) 


Set STAT B if 
PAL(26-32) is not 
all T's or all O's, 


| 
I 
| 
| 
| 
| 
l 
I 
| 
I 
| 
| 
| 
| 
| 
| 
l 
| 
| 
| 
| 
| 
Set STATA | 
| 
| 
: | 

to T. ‘ 
a | 
; | 
| 
| 
| 
| 
| 
| 
I 
I 
I 
| 
| 
| 
I 
I 
| 
| 


Set STAT B if 
PAL(26-32) is not all 


I's or all O's. 


Transfer T(33-63) to 
GPR per E(8-11). 


Transfer T(33-63) to 


Transfer STAT C 
ransfer GPR per E(8-11). 


to sign position 


of GPR per 
E(8-11). 
Transfer STAT C 
to sign position 
Sheet I of GPR per 
E(8-11). 
E(12-15) Yes eee (8-11) 
= 0001 
Subtract I from 
E(12-15). 
| EER pee Oe tk A eA aN PES Ce (sp at eS |e a Sree oe ae ae NP I ae Pe So ee ee 
r 7 
1 | 
j | 
| 2s | 
{ Set CC per Result is zero (STAT A set): CC = 0. | 
| hardware conditions. Result is minus [T(32) - HW: cc Ht. | 
| i Result is plus (1(32) - OJ: CC =2. | 
| Overflow (STAT 8 set): CC =3. 
a el ! 
| | 
! | 
en a i a ee ee i ete J 
_ Diagram 5-116. Shift Left Single, SLA (8B) (Sheet 2 of 2) 


5-116,Sh2 (7/70) 


Yes Specification 


check 


Specification 


Set STAT C if fi 
program 
interruption. 


e RS format: 


78 VW 12 15 16 19 20 31 


e@ Purpose: Shift Ist operand (in GPR, per RI and RI + 1) left 
number of bit positions specified by low-order 6 bits 


of 2nd operand address. 


irst 


_ operand is negative. 


Transfer low-order 


word to § and T. 


00 01 ee 10 7 
(Shift Left 2, Left 6, ’ (Shift Left 3, Left 
and So On) 7, and So On) 
Yes No (Shift Left 4, Yes (Shift No (Shift Left 5, Shift low-order word Shift low-order 
(No Shift) PAL(58-61) Left 8, and So On) Left 1) PAL(58-61) Left 9, and So On) left 2; gate overflow word left 1. : 
=0 =0 bits to B(64-67); 


Test low-order 
word for zeros. 
Transfer high- 
order word to T. 


Test high-order word 
for zeros. 


Shift low-order 
word left 4; gate 
overflow bits to 
B(64-67); transfer 
high-order word 
toT. 


Shift low-order word 
left 1; gate overflow 
bit to B(64-67); store 


low-order word into 
GPR per RI +1. 


word into 
per RI +1 


Shift overflow bit 


Shift high-order word 
left 1, add overflow 
bit, test for overflow 


word left 
overflow 


from high-order word, 
and test for zeros. 


SHIFT LEFT 4 LOOP 


Shift high-order word 
and overflow bits left 
4, insert sign per STAT 
C, test for overflow 
from high-order word, 
test for zeros, and 
store high-order word 
into GPR per R1. 


Shift low-order 
word left 4, gate 
overflow bits to 
B(64-67), and 

decrement left 4 
count. 


Store low-order word 
into GPR per R1 + 1, 
and test for zeros. 


Le aie tee ee a 


oS ee See ed 


Diagram 5-117. Shift Left Double, SLDA (8F) (Sheet 1 of 4) 


Shift low-order word 
left 1; gate overflow 
bit to B(64-67); 


store low-order 


Shift overflow bit 


left 4, and transfer left 4, and 
high-order word to T. transfer high-order 
word to T. 


Shift high-order 


store low-order 
word into GPR 
perRI +1. 


Shift overflow 
bits left 2. 
Transfer high-order 
word to T. 

Transfer low-order 
word to S. 


Shift low-order word 
left 2; gate overflow 
bits to B(64-67); 
store low-order 
word into GPR 

per RI +1. 


Transfer high-order 
word toT. 


Shift high-order word 
left 1, shift overflow 
bits left 2, and transfer 
low-order word to S. 


GPR 


1, add 
bit, and 


test for overflow 
from high-order word. 


Transfer low-order 
word to S. 


Shift high-order word 
and overflow bits left 
2; test for overflow 

from high-order word 
and test for zeros. 


Insert sign per 
STAT C; store 
high-order word 
into GPR per RI. 


Shift low-order word 
left 4; gate overflow 
bits to B(64-67). 


| 
| 
| 
| 
| 
| 
| 
| 
y 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
4 


7201-02 FEMDM (7/70) 5-117,Sh1 


2 v 3 Vv 4 Vv 5 Vv 6 
Diagram 5-13 e RS format: 
YY 7 
RS I-Fetch. Ula? | i 
0 78 12 15 18 19 20 31 
3021 H ater @ Purpose: Shift Ist operand (in GPR, per Rl and RI + 1) left number of 
at aes cn Specification test. bit positions specified by low-order 6 bits of 2nd operand address. 
No Yes ® Conditions at start of execution: 
1. Ist 16 bits of instruction are in E. 
2. High-order word of Ist operand is in S and T. 
rar : 3. A t of shift is in D and PAL. 
Set interruption code Set STAT C I Places sign of operand i a a : 
& and ‘program if $(0) =1. into STAT C. 
interrupt’ latch; 
force end op. 
Transfer GPR Transfers low order half 
per E(8-11) + 1 of operand to S and T. 
Diagram 5-22 to S and T. 
eee ae 
RATEN UE OF Transfer D(18-21) 
to E(12-15). 
00 0} 10 1} 
PAL(62,63) 
Yes (No Shift) PAL(58-61) PAL(58-61) No (Shift Left 5, Left 9, and So On) ey FJ 
> =0 =0 Sheet 3 Sheet 3 
No (Shift Left 4, Left 8, Yes (Shift Left 1) 
and So On) 
T SHIFT LOW-ORDER WORD T SHIFT LOW-ORDER WORD LEFT 1 T SHIFT LOW-ORDER WORD LEFT 1 
LEFT 4 ; 
Transfer T to 
PAA(32-63). -- - = 
Transfer T to | Shift operand Transfer T to Shifts low-order 
PAL(31-62). left 1. PAL(31-62). half of operand 


left 1. 


Shifts low-order 
half of operand 
left 4. 


Transfer PAA(32-63) 


to PAL(28-59). Set STATA 


if PAL =0. 


Transfer PAL(32-63) 
toT. 


Transfer PAL(28-31) 
to B(64-67). 


i 

| 

| 

| 

| 

| 

| 

| 

I 

I 

1 

] 

I 

| 

I 

| Transfer T to GPR 

! 

1 

| 

i 

{ 

! 

| 

| 
4 


toT. 


Transfer PAL(28-31) 

to B(64-67). 
Transfer GPR per | Transfers high-order 
E(8-11) to T. half of operand to. T. 


Transfer PAL(28-31) | doe 1 api 
to B(64-67. its of low-order 


half of operand into 
high-order half 


Transfers low-order 
half of operand 
to LS. 


Fo a a AN ey ee ee | 


I | 
| 
| 
| 
| l 
I 
| l 
| I 
i | 
> I Transfer PAL(32-63) 
bat Transfer PAL(32~63) 
| | 
| I 
I { 
I { 
J | 
| I 
| I 
| | 
| 


of operand. 
a a Se ne | 
— SHIFT OVERFLOW BIT LEFT 4 l 
Weeder clare Soueuicol B ete ee Rareee' “Pees ee ees | 
I per E(8-11) +1. half of operand to LS. Transfer B(64-67) 
La) | to PAB(64-67) | 
! | 
rae poe eee Sse 
SHIFT OVERFLOW BIT LEFT 4 | Transfer PAB(64~67) 
| Fnapeeeay | to PAL(60-64). 
! | 
me aeee em cme ctom enw fees eume crue coats cute cuem em Gum em emees eae eames uD oun ears ees em to PAB(64-67) . : 
i TEST LOW-ORDER WORD FOR ZERO i | | 
aE i | | Transfer PAL(24-67) 
ransfer T to to AB(24-67). 
| PAL(32-63). | | Transfer PAB left | | 
| I | 4 to PAL. | 
I I | | == 
| | | | Transfer GPR per | Transfers high-order | 
Set STAT A | Transfer PAL(24-67) 1 E(8-11) to T. half of operand toT. |. 
| : — 1 | to AB(24-67). 
l 
| ox | Pe ee ee q 
| Transfer GPR per 1 Transfers high-order H Transfer GPR > Fi ieiae bishicodl | SHEC EC H-SRDER WORD GEES.) I 
e ransfer per ransfers high-order 
eater: nel ot cere Te ; | E(8-11) to T. H half of operand to T. 
I J | | Transfer T to Shifts operand | 
> eas Feet ard eee are ra ECR saat el | 4 PAA(31-62) left 1 | 
: We ROZEROW® © = SRS 0 AR ag rere ee ea or tas to ke hey RRS Le a me . . 
PE CHR on homer | a SHIFT HIGH-ORDER WORD LEFT.1 | | 
Transfer T to I | “I I I 
! PAL(32-63) | | | | Transfer B to 
. l 
! PAL(31-62). | aes. 
| | y 
H oe | | 
Reset STAT A if I ! P : r 
| PAL(32-63) does I 1 Propagate T(32) into | | | Places shifted bit from | Propagate T(32) | 
PAL(28-31). | low-order half of into PAL(26-31 | 
1 not equal zero. 1 | | operand into high-order | oe ). | 
i | half of operand. | | 
= | 
Wap Sas eee ult Bete ed as oe Be - | = 
| Mert nor ak | Add PAA and PAB; j Places high-order bits | 
| : | place result j of low-order half of I 
| into PAL. operand into 
LAY | high-order half 
Sheet 4 i Transfer PAL(32-63) of operand. 
ee toT. 
: | Set STAT B if | 
1 | fixed-point overflow. | 
1 Set STAT A if ! | 
| __ PAL(32-63) = 0. | 
! : | Transfer PAL(38-63) 
I | toT. 
J Set STAT B if I | 
| fixed-point overflow. Pe Fa a a ee ee - 
I ] TRANSFER LOW-ORDER WORD TO S | 
bee eh ee J 
! Transfer GPR per | 
i E(8-11) +1 toS. | 
ie ! 7 
| ge ee pecan US er ie ORY cca Fee Fa J 
Sheet 4 
Sheet 4 
Diagram 5-117. Shift Left Double, SLDA (8F) (Sheet 2 of 4) 


5-117,Sh 2 (7/70) 


N) 
< 
w 
< 
ms 
<4 
o 
<4 
fo) 


Sheet 2 , Sheet 2 
Ley (Shift Left 2, Left 6, and So On) ; ‘ 
(Shift Left 3, Left 7, and So On) 
ar a cia Selig. ieee eat eae at ees Pete a a PN ee aa fe Sy ee FO ea et A ae cp Aaa erase yy Pe woes a 
r SHIFT LOW-ORDER WORD LEFT 2 1 | SHIFT LOW-ORDER WORD LEFT 1 7 
| 
| Transfer T to | | Transfer T to 
l PAL(32-63). | PAL(31-62). 
i l 
| | 
, eee ees eI 
Transfer PAL(24-67) J eke SHIRT LOW-ORDER WORDILER ee se TS 
| apres i SHIFT LOW-ORDER WORD LEFT 
Transfer PAL(24-67) | 
' = to AB(24-67). 
Transfer AB(6-67) I Shifts low-order half of | | 
to PAL(4-65). l operand left 2. r | ; | 
| Transfer AB(6-67) I Shift d left i 
to PAL(4~65). Dida talaaae | 
Set STAT A if | 4 
PAL(32-63) = 0. | I 
| | Set STAT A if | 
| | | PAL(38-63) = 0. | 
Transfer PAL(32-63) | | | 
to T. 
; | | ks 
: | | Transfer PAL(28-31) \ Places high-order bits of low-order ; 
—— -67). half of d into high-orde 
Transfer PAL(28-31) Places high-order bits of low-order ! | oe VN eecboee | 
| | half of operand. 
i to B(64-67) . | half of operand into high-order | | 
half of operand. | 
7 | | Transfer PAL(32-63) j 
to T. 
| | 
ae | | 
| Transfer T to GPR Transfers low-order half | -— 
\ i 
| per E(8-11) + 1. of operand to LS. I | Transfer T to GPR per \ Transfers low-order half | 
{ E(8-11) +1. of operand to LS. 
L ! | 
weeks irene eee este! 
| SHIFT OVERFLOW BITS LEFT 2 | } a ee ee ---------- ---- ---- 4 
| r | TRANSFER HIGH-ORDER WORD TO T ] 
| = | | 
| Transfer AB(6-67) | Shifts high-order bits | | == ! 
to PAL(4-65). of low-order half of 1 Transfer PAL(8-63) 1 Clears AB(8-63 i 
7 operand left 2. ! | to AB(8-63). ia BK ) ! 
| | | 
on era eee ae | 
TRANSFER HIGH-ORDER WORD TO T ! Leela | 
| ! | £(8-11) to T. 
| Transfer PAL(64-67) ! | | 
| to B(64-67). ee eae) ree oa ey aye a aes pae ee 
| | SHIFT HIGH-ORDER WORD LEFT 1 AND OVERFLOW | 
| | BITS LEFT 2 i 
| Transfer GPR per I | a, ; | 
| E(8-11) to T. | | Transfer T to i Shifts high-order i 
I PAL(31-62). operand left 1. 
bette treme ete ee eee 
| TRANSFER LOW-ORDER WORD TO $ l ! 
| I Propagate T(32) 
Transfer B(64~67) | into PAL(28-31). | 
: to PAL(64-67). j 
| | 
| = | 
| H Transfer .AB(6-67) Shifts high-order bits of | 
Transfer T to 1 to PAL(4-65). low-order operand left 2. | 
| PAL(32-63). | 
I 
i | 
| Transfer PAL(24-67) " 
| Propagate T(32) to AB(24~67). 
| into PAL(26-31). | ! 
| 
ae l I oc i 
Set STAT B if 
| Transfer PAL(24~67) Places high-order half I | . | 
to AB(24-67). | of operand into B. I | eco emareians | 
| | | 
| | | = : 
eee 1 
I Transfer GPR per | Transfers low-order hal f Belt 1 = : : . = ! LD ylectalah ipa! pet 1 
1 E(8-11) + 1 to S. of operand to S. I d i = i 
| I 
) L _J 
Dr NaS An oe SNS oy ee ge ee at NS ey > owe a ae owe oe oe ee ee ee ee ee ee ee ee ee wee en om a ee ee oe ee oe oe 
r SHIFT HIGH-ORDER WORD LEFT 2 zs 
QJ021 
Transfer AB(6-67) \ Shifts high-order 
to PAL(4~65). operand left 2. 


Reset STAT A if 


PAL(32-63) does 
not equal zero. 


Set STAT B if 
fixed-point overflow. 
Transfer PAL(32-63) 
toT. 


a gS an ee 


No oe Yes 


Sheet 4 Sheet 4 


Diagram 5-117. Shift Left Double, SLDA (8F) (Sheet 3 of 4) 


7201-02 FEMDM (7/70) 5-117, Sh3 


2 Vv 3 Vv 4 Vv 5 v 6 


Sheet 2, 
Sheet 3 
A Sheet 2, r SHIFT LOW-ORDER WORD LEFT 4 7 
Sheet 3 QJ021 
Transfer S to 
PAA(32-63). 
Ger eo. Per ieee et TCT ae ei PRL aR Re ars ; 
STORE HIGH-ORDER WORD Transfer PAA(32-63). | Shift low-order hal f 


to PAL(28-59). of operand left 4. 


Transfer T to GPR | Places high-order half 
per E(8-11). of operand into LS. 


Transfer STAT C 
to sign position of 


Transfer PAL(32-63) 
to B. 


Transfer PAL(28-31) 


GPR per E(8-1 1). to B(64-67). 
Sheet 2 
a ac aha rh eee bea a i ce “Ce 
SHIFT LEFT 4 LOOP 
Transfer T to Transfers high-order half 
PAA(32-63). of operand to PAA. 


~ —_e ew eee a= oom eopl ewe eee ee eae oo aoe ont eum eee oom oom oo a= 
STORE LOW-ORDER WORD Propagate 1(32) 
Subtract 1 from into PAL(26-31). 
E(12-15). 
Transfer B(64-67) Places high-order bits of lovr-order 
Transfer B to to PAB(64-67). half of operand into high=order 
PAL(32-63) half of operand. 


Reset STAT A if Transfer PAB and PAA | Shifts high-order half 


left 4 to PAL(28-63) . of operand left 4. 


PAL(32-63) does 
not equal zero. 


Set STAT B if 
fixed-point overflow. 


Transfer PAL(32~63) 
to T. 


Set STAT A if 
PAL(32-63) = 0. 


Transfer T to GPR 
per E(8-11) +1. 


ca eis mi een Se i cS Se “ied ai" “ace, se 


rc 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
_ 


"Transfer PAL(32-63) 
to T. 


Transfer T to GPR 1 Transfers operand to LS. | 
per E(8-11). 


Transfer STAT C to 


sign position of GPR 
per E(8-11). 


cons > 


Sheet 2 


Yes E(12-15) 
= 0001 


No (Shift Left in 
Multiples of Four) 


Set CC per 


hardware 


Result is zero (STAT A set): CC =0. 
Result is minus [A(0) = 1]: CC =1. 
Result is plus [A(0) =O]: CC =2. 

I Overflow (STAT B set): CC =3. 


conditions. 


Subtract 1 from 
E(12-15). 


Transfer B to | Places low-order half 
PAB(32-63). of operand into PAB. 


Transfer PAB(32-63) 1 Shift low-order 
to PAL(28-59). operand left 4. 


Transfer PAL(24-67) 
to AB(24-67). 


Sa a a a a fe Nap a ea ei ee lee es Jame eel sed a cay nal i a ea i tre ee eed 


Transfer PAL(28-31) 
to B(64-67). 


Co SSS SS SS SS SS Se Se 


Diagram 5-117. Shift Left Double, SLDA (8F) (Sheet 4 of 4) 


5-117, Sh4 (7/70) 


Diagram 5-13 e RS format: 
; Y 

BS I-Fetch, | os gee | oe 

0 78° «NG 15 16 19 20 31 
e@ Purpose: Shift Ist operand (in GPR, per RI) right number of bit positions specified 
by low-order 6 bits of 2nd operand address. 
Test for all O's. 
Yes ( Shift No (Shift 


Right 3 or Less) PAL( 58-61) Right 4 or More) 


=0. 


00 01 10 11 00 01 ; 10 11 
PAL(62, 63) PAL(62, 63) 
Shift Right 2 Shift Right 3 Shift Right 4, Shift Right 5, Shift Right 6, Shift Right 7, 
Right 8, and So On | Right 9, and So On Right 10, and So On Right 11, and So On 


Shift operand left 1 
and right 4. 
: Shift operand 
left 2. 


Shift operand left } 
and right 4. 


Shift operand left 2 Shift operand left 1 
and right 4. and right 4. 
Shift operand left 2 
Shift operand left 1 Shift operand left 2 and right 4. 
and right 4. and right 4. 
Shift operand 
tight 4. Yes 


more right 4 
shift 


Test result for all 
0's and store into 


GPR per RI. 


Test result for all O's and 
store into GPR per RI. 


Shift operand right 4, 
decrement right 4 count, 
test result for 0's, 

and store into GPR 

per Rl. 


right 4. 
Decrement right 4 : 
count. 


Yes 


Set CC per 
hardware 
conditions. 


[~ SHIFT RIGHT 4 LOOP 


Shift operand right 4, 
test result for 0, 

and store into GPR 
per Rl. 


Decrement Decrement 
tight 4 count. tight 4 count. 


p-------------n-- 


Diagram 5-118. Shift Right Single, SRA (8A) (Sheet 1 of 3) 
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2 Vv 3 Vv 4 v 5 Vv 6 
Wa | i 
0 78 N12 15 16 19 20 Pn 
QJ001 @ Purpose: Shift Ist operand (in GPR, per R1) right number of bit 
Transfer D(18-21) positions specified by low-order 6 bits of 2nd operand address. 
to E(12-1 5). Set e Conditions at start of execution: 
STAT A if : 1. Ist 16 bits of instruction are in E. 
PAL(32~63) = 0. 2. Ist operand is in S and T. : 
3. Amount of shift is in D and PAL. 
No (Shift 
PAL(58-61) Right 4 or More) 
=0 
Yes (Shift A) 
Right 3 or Less) Sheet 3 
00 01 10 in 
PAL(62,63) 
No Shift Shift Right 1 Shift Right 2 Shift Right 3 
r NO SHIFT T SHIFT OPERAND T SHIFT OPERAND LEFT 2 AND RIGHT 4 
| LEFT 1 AND RIGHT 4 
| Transfer T to y Transfer T to | Transfer T to 
PAA(32-63), and | PAA(32-63), and | PAA(32-63), 
| propagate T(32) to | propagate T(32) | propagate T(32) 
PAA(26-31). | to PAA(26-31). ! to PAA(26-31). 
| i 
| | 
| 1 
| Transfer PAL(24-67) H Transfer PAL(24-67) | Transfer PAL(24-67) 
to AB(24-67). 1 to AB(24-67). to AB(24~67). 
l | | | 
dat ate: le eo ee ou | 
I Transf 
| ransfer T to | Transfer AB(6-67) In effect, shifts 
PAA(31~62). | to PAB(4-65). operand right 2. 
J 
| | 
Propagate T(32) i Transfer PAB(4-63) 
| 
into PAA(26-31). i to PAL(8-67). 
| | 
oe : SHIFT OPERAND LEFT 1 AND RIGHT 4 
adder (4= to . 
| PAL(8-67) . y Transfer T to 
| | PAA(32-63), and 
| | propagate T(32) 
(ee ce | to PAA(26-31). 
| : SHIFT OPERAND | 
LEFT 2 | 
| 7 | Transfer PAL(24-67) 
| Transfer PAL(24-67) t to AB(24-67). 
to AB(24-67). . | 
| ! ¢ 
I Tr Transfer T to i 
ansfer AB(6-67) I 
| to PAL(4~65). So 
| 
Gira Sat th Bare fa ee ms 
| Propagate T(32) | 
to PAA(26-31). 1 
\ i 
| pees 
] Transfer parallel 
| adder (4-63) to 
| PAL(8-67) . 
| 
Ce Se 


STORE RESULT 


Set STAT A if 
PAL(32-63) = 0. 


| 

l 

1 | ae 
| 

I 
Gina 
: to T. 

| 

I 

| 

If prance 
! 

| 


Transfers shifted 


Transfer T to GPR | 
operand to LS. 


Sheet 3 : 
per E(8-11). 


Set CC per 
hardware 
conditions. 


f Result is zero (STAT A set): CC =0. 
I Result is minus (1(32) = 1]: CC =1. 
I Result is plus [T(32) =0]: CC =2. 


a eee ee aE | 


Diagram 5-118. Shift Right Single, SRA (8A) (Sheet 2 of 3) 


5-118, Sh 2 (7/70) 


In effect, shifts 
operand right 3. 


00 01 
Shift Right 4, Right 8, and So On 


Diagram 5-118. Shift Right Single, SRA (8A) (Sheet 3 of 3) 


Sheet 2 


QJ001 


; 10 
PAL(62, 63) 


Sheet 2 


Shift Right 6, Right 10, and So On 


rf 
Shift Right 7, Right 11, 


Shift Right 5, and So On 
Right 9, and 
So On 
Furr OPERAND LEFT 1 S SHIFT OPERAND LEFT 2 1 
1 AND RIGHT 4 AND RIGHT 4 I 
| Transfer T to I 
| | PAA(32-63), and | 
| | propagate 1(32) I 
to PAA(26-31). 
| Transfer T to bd ( ) 
| PAA(32-63), and 
| propagate T(32) © | | 
| to PAA(26-31) . | Transfer PAL(24-67) | 
| | to AB(24-67). 
| l 
Tronsfer PAL(24-67) | -->-- | 
to AB(24-67) . | Transfer AB(6-67) ! In effect, shifts i 
| to PAB{4~65). operand right 2. { 
I | | 
| Transfer T to l 
=) | 
| PAA(31~62). Transfer PAB(4~62) 
| | 
PAL(8-67). 
| . | 
l 
| Propagate 1(32) into | 
PAA(26-31) | | 
I : | Transfer PAL(32-63) H 
] | toT. t 
l 
| | 
| Transfer parallel adder Freer rocr sooo er oo or re ar nr J 
| (4-63) to PAL(8-67). 
| 
| | 
RE RES ene ee a ES ee NE eee | 
| SHIFT OPERAND LEFT 2 | 
| AND RIGHT 4 | anne biicinrieaiaas on Si aELa la anemic 1 
| | SHIFT OPERAND LEFT 1 AND RIGHT 4 | 
Transfer PAL(24-67) | | Transfer T to | 
to AB(24-67) . l | PAA(32-63), and | 
| propagate T(32) | 
| to PAA(26-31). 
Transfer AB(6-67) | | 
to PAB(4-65).. I | 
| | Transfer PAL(24-67) | 
1 to AB(24-67) . 
Transfer PAB(4-63) | i l 
to PAL(8-67). I | oe ine 
| | In effect, shifts Transfer T to 
J operand right 3. ! PAA(31-62) . | 
Ue go PD ety ham ea see ae ee Sew ee | | 
| y | 
| =< £(12-15) = 0001 | SS | 
Transfer T to | | Propagate T(32) into | 
| PAA(32-63), and | PAA(26-31). | 
I propagate 1(32) { r | 
{ to PAA(26~31) . No { L 
| Ss a Ate = 
! T SHIFT OPERAND RIGHT 4 7 Transfer parallel adder | 
Transfer PAL(24~67) | | (4-63) to PAL(8-67) | 
! PAA(32-63). | 
I l 
| Transfer T to | | iets PAL(32-63) | 
| PAA(32-63) . | Propagate 1(32) into toT. | 
: PAA(26-31). 
| | | | 
| ! a a a a a a i -——-—————- 
l Propagate 1(32) into | _—_ r SHIFT RIGHT 4 LOOP | 
| PAA(26-31). Shifts operand | 
. Transfer parallel adder - | right 4. | | 
| : | (4-63) to PAL(8-67). | 
| | 
: | Transfer T to 
Transfer parallel adder a ie pee | I PAA(32-63) . 
(4-63) to PAL(8-67). | Transfer PAL(32-63) | 
| to T(32-63). | 
L | es ae into : 
mo + PAA(26-31). 
Ne ee ee re eee ee ee oe | 
| ---- 
eS SS 4S 3 = = SS SS SS © haa I Transfer parallel adder | 
ri i 2 a 
STORE RESULT Fr g (4-63) to PAL(8-67). 
Set STAT A if = Saas See ee 4 | 
PAL(32-63) =0. | 
l SHIFT OPERAND RIGHT 4 aE CLOT | 
| | ene from | PAL(32-63) =0. 
Transfer PAL(32~63) | ‘ i 
toT. | | 
. ! : =] | 
_ PAA(32-63) . . 
i Transfer T to GPR Transfers shifted | | 
! 
| per E(8-11). operand to LS. I { Seateet, | 
| | Propagate T(32) into | Transfers shifted j Transfer T to GPR | 
L | PAA(26-31). operand to LS. per E(8-11). r 
| | 
| = | | 
| Transfer parallel adder , an pies oper ond ; 
| (4-63) to PAL(8-67) Hata: | | 
Yes No @ = £(12-15) = 0001 1 
| | bi 1 fi | 
Set STAT A if Subtract 1 from eed 
PAL(32-63) = 0. £(12~15). G No (Shift Right in 
Multiples of 
H | Qe Four) | 
: Transfer PAL(32-63) I ol 
| toT. ! | 
: | Subtract 1 from | 
= | €(12-15). 
| Transfer T to GPR Transfers shifted | | 
| per E(8-11). P | operand to LS, | | 
| | 
Eee pa ae er eer a fa ee BS oS et ee a Sa Se ee = 


7201-02 FEMDM (7/70) 5-118, Sh3 


3 Vv 4 


Diagram 5-13 
RS [-Fetch. 


Specification 
check 


Specification 
No 


program 
interruption. 


Test high-order word 


for all O's. 
Yes (Shift No (Shift 
Right 3 or Less) PAL(58-61) Right 4 or More) 
=0 


v 5 v 6 


@ RS format: 


© Purpose: Shift Ist operand (in GPR, per R1 end R1 + 1) right number 
of bit positions specifted by low-order 6 bits of 2nd operand address. 


B 
pe ° PAL(62,63) . 


Shift Right 1 


Shift high-order 
word left 1 and 
right 4, and gate 
underflow bits 

to B(64-67). 


Shift high-order word 
left 2, test result for 


zero, and store into 
C i GPR per RI. 


right 4, and gate 
underflow bits to 
B(64-67). 


Transfer low-order 
word from GPR 
perRI +1. 


zero, and store into 
GPR per RI. . 


Shift low-order word 
left 1, and shift low- 
order word plus under- 
flow bits right 4. 


Shift low-order word 
plus underflow bits 
right 4. 


Shift low-order word 
left 2, test result 
for zero, and store 
into GPRper RI +1. 


Test low-order word 
for all O's. 


Shift Right 2 


Shift high-order word 


Shift high-order word 
left 2, test result for 


PAL(62,63) 


Shift Right 3 Shift Right 4, Shift Right 5, Shift Right 6, 


Right 8, and So On| Right 9, and So On 


Shift high-order word 
left 1 and right 4, and 
gate underflow bits 


to B(64-67). 


Shift high-order word 
left 1 and right 4, and 
gate underflow bits 


to B(64-67). 


Shift high-order 
word left 2. 


Transfer low-order 
word from GPR 
perRI +1. 


Shift high-order word 
right 4, and gate 
underflow bits to 
B(64-67). 


Transfer low-order 
word from GPR per 
R1+1. 


Shift low-order 
word left 1, and shift 
low-order word plus 
underflow bits 

tight 4. 


Shift low-order word 
left 1, and shift 

low-order word plus 
underflow bits 
tight 4. 


Shift low-order 
word left 2. 


Test result for zero, 
and store |ow-order 
word into GPR 

per RI +1. 


Store high-order word 
into GPR per RI. 


Shift high-order word 
right 4, and gate 
underflow bits to 


Right 10, and So On 


Shift high-order word 
left 1 and right 4, and 
gate underflow bits 

to B(64-67). 


Shift Right 7, 
Right 11, and So On 


Transfer low~order 
word from GPR 
per RI +17. 


Shift low-order 
word left 1, and 
shift low-order word 
plus underflow bits 
right 4. 


Shift low-order word 
left 2, test result for 
zero, and store into 
GPR per RI +1. 


Store low-order 
word into GPR 
perRI +1. 


Set CC per 


hardware 
conditions. 


Diagram 5-119. Shift Right Double, SRDA (8E) (Sheet 1 of 4) 


5-119, Sh 1 (7/70) 


B(64-67). 


Shift low-order word 
plus underflow bits 
tight 4. 


T suiet RIGHT 4 LOOP 


Shift low-order 
word left 2. 


Shift high-order word 
right 4, test result 
for zero, store into 
GPR per RI, and 
gate underflow bits 
to B(64~-67). 


Shift low-order word 
plus underflow bits 
tight 4, and test 
result for zero. 


Decrement right 4 count, 
shift high-order word 
tight 4, gate underflow 
bits to B(64-67), and 


test result for zero. 


Shift low-order word 
plus underflow bits 
right 4, and test 
result for zero. 


eee see 


2 v 5 vv, 6 


i -1 
Diagram 5-13 @ RS format: 


v 
gas ee 7 
0 78 12 15 16 19 20 31 
| Specification test. | © 


Purpose: Shift Ist operand (in GPR, per RI and R1 + J) right number 


QJ of bit positions specified by low-order 6 bits of 2nd operand address. 
No Yes 7 TEST HIGH-ORDER e Conditions at start of execution: 
| WORD FOR ZERO | 1. Ist 16 bits of instruction are in E. 
| Set STAT A if ] 2. High-order word of 1st operand is in S and T. 
| PAL(32-63) = 0. | 3. Amount of shift is in D and PAL. 
Set interruption code | | 
6 and ‘program | | 
interrupt! latch; | Transfer D(18-21) | 
force end op. | to E(12-15). | 
| | 
I | 
‘ | Transfer GPR to S 
Diagram 5-22 | per E(8-11) +1. 
l 
L ee ee pt is atte ee ee 4 
Yes 
(Shift Right 3 
or Less) PAL(58-61) =O No (Shift Right 4 or More) 
00 01 PAL(62, 63) 10 Sheet 3 i 
t 
No Shift Shift Right 1 Shift Right 2 Shift Right 3 
iP SHIFT HIGH-ORDER WORD q a SHIFT HIGH-ORDER WORD T SHIFT HIGH-ORDER WORD 71 
—4 LEFT 1 AND RIGHT 4 i RIGHT 4 ! _ LEFT 1 AND RIGHT 4 | 
Transfer T to | Transfer T to I Transfer T to Tq | 
i PAA(31-62) . | PAA(32-63) . | PAA(31~62) . I 
| I | I 
T(32) -4 | | : pe = 
| te ) into | I Propagate | Propagate T(32) into | 
| : T(32) into PAA(26-31) . 
| | I | 
| I PAA(28-31) . | 
| 
| ae | r 
z She 
| f TT In effect, shifts | ” | 
| HAS P Pee a high-order bits of - | u Transfer parallel adder . eee ie : 
| a operand right 3. | { Transfer parallel adder (4-63) to PAL(8~67) . 1g roids ig 
1 (4-63) to PAL(8-67). operand right 3 
l 
| | | 
| Transfer PAL(24-67) y eet, SD oe es | Set STAT A | 
to AB(24-67). | F mies eed, if PAL = 0 
| | Sheet 3 | SHIFT HIGH-ORDER WORD I : 

LEFT 2 | y 
iat esie —— —-— -—— — — —— —-4 Loy | Transfer PAL(24-67) | 
| SHIFT HIGH-ORDER WORD | | to AB(24-67). Transfer PAL(24-67) l 
| Transfer AB(6-67) | to, ABE?) | 

PAL(4-65). | 
| to | | 
l Sey RO (ee ek eles er ener 
| | | Transfer AB(6-67) | OBTAIN LOW-ORDER WORD I 
| Set STAT A | | to PAL(4-65). y | 
| . if PAL =0. | | Transfer GPR per | 
| | ; l E(8-11) + 1 to T. | 
| | | Set STAT A if = | | 
Transfer PAL(32-63) | PAL(32-63) = 0. boo of -------------5 
| toT. | SHIFT LOW-ORDER WORD | 
| LEFT 1 AND RIGHT 4 | 
| Se | Transfer PAL(32-63) | 2a | 
ee . GPR | half of opecondl te ES l | to T. | Transfer B(64-67) Transfers low-order bits | 
per . . to PAB(28-31) . I of high-order half of | 
| | = | | operand to low-order 
= aan ey ees a ae Bin cee yee a ae cee ay ae, fee —| | Transfer T to GPR Transfers high-order | I half of operand. | 
| per E(8-11). bits to LS after | l 
| OBTAIN LOW-ORDER WORD | | shifting left 2. 
f R pei 
| Hee sea aay | | | Transfer T to In effect, shifts | 
| : (i te A ; PAA(31-62) . low-order bits of 
a | | SHIFT LOW-ORDER WORD | operand right 3. I 
Pee ne eee new | | 
| ache LEFT 1 AND RIGHT 4 | I | Transfer parallel adder 
‘ t -- ° . 
| PA A(31~62) | | Transfer B(64-67) i Transfers low-order | (4-63) fo PAL(8-67). 

: | to PAB(28-31). | bits of high-order | | 
| | | half of operand to | | 
| =.= | | low-order half of © ait mae eee onan sneer see | 

T fer B(64-67) ‘ d. 
| rein ! Transfers low-order bits | | Transfer S to sitet | BORE SOM ORDER WEEE | 
of high-order half of PAA(32-63) . | Reset STAT A if | 
| | operand to low- | | | PAL(32-63) does | 
| order half of operand. l ] not equal zero. l 
| | | Transfer parallel adder | | 
—— 4-63) to PAL(8-67). 
| Transfer parallel In effect, shifts | |: ( hig : } | Transfer PAL(32-63) | 
adder (4-63) to | low-order bits of | | toT. | 
| PAL(8-67). operand right 3. | 
| Transfer PAL(24-67) | baa! 
| | | to AB(24-67) . | Transfer T to GPR | Transfers low-order bits 
l Transfer PAL(24-67) | | | per E(8-11) + 1. | of operand to LS after | 
to AB(24-67). | | j shifting right 3. | 
ei a age ee | 
L_ | We te Me a, EY ee Oko WN ge eee 
~---+-—-—---~-~-~-~-~-~-~+ - 4 
| SHIFT LOW-ORDER WORD l STORE HIGH-ORDER WORD | 
LEFT 2 No (Shift Right 4) 
| Transfer AB(6~67) Transfer B to T | 
| to PAL(4~65). | diners Sacha 
| | eS | | 
| Reset STAT A if | Yes | Transfer T to GPR Transfers high-order bits | 
| PAL(32-63) does : | Sheet 4 | - per E(8-11). Aaeiet . - after 
not equal zero. pee SSS 4 Ss] S5632 S43 3-4 <— ——_ shifting rig . 
| | | SHIFT LOW-ORDER WORD | | 
l | | Transfer AB(6-67) Bebe epee eee —--->--— J 
Transfer PAL(32~63) | | to PAL(4-65) . | 
| to T. | 
| 
| a: | 
yen t STAT A if 
| Transfer T to GPR 1 Transfers low-order bits | | Page 3) duet | 
l per E(8-11) +1. of operand to LS. | | fot equal zero, | 
: 
EAE ary (cme ae an ear ee he eae See | y ' 
l Transfer PAL(32-63) | 
I to T. 
| | 
l ow 
| Transfer T to GPR Transfers low-order bits | 
SSS = SS SS SS =| I per E(8-11) +1. of operand to LS after | 
TEST LOW-ORDER | shifting right 2. | 
WORD FOR ZERO | 
Transfer S$ to l | 
PAA(32-63). | L 34 


| 
Reset STAT A if | 
PAL(32-63) does not | 


not equal zero. 


Diagram 5-119. Shift Right Double, SRDA (8E) (Sheet 2 of 4) 


Sheet 4 


7201-02 FEMDM (7/70) 5-119, Sh 2 


00 
A Shift Right 4, Right 8, and So On 


Cy eee fae ee re pen eee [ee NS pie eee ee be ee Riek” Ve ceo Stas 7 
| SHIFT HIGH-ORDER | SHIFT HIGH-ORDER WORD | 
WORD RI 4 = 1 4 
1 PAA(32-63) . | PAA(31-62) . \ 
| 
! 4 
| Set STATA | Propagate T(32) to 
, if PAL =0. I PAA(26-31). 
| : 
l l l 
> 
Transfer PAL(32~63) | cst eri In effect, shifts 
to A and B. | ranster’ Pore! &\ occer high-order bits of 
| (4-63) to PAL(8-67). operand right 3. 
at 
Transfer T to | | 
PAA (32-63). | Transfer PAL(24~67) | 
| to AB(24-67) . | 
| | 
y Propagate T (32) into. I Hoopes ote PF ratte eee gel 
1 PAA (26-31). ion es oe | 
| | SHIFT HIGH-ORDER 
WORD LEFT 2 
1 ae Transfer AB(6-67) ] 
. to PAL(4-65) . 
Transfer parallel adder Shifts operand Ln | 
= (4-63) to PAL (8-67). ! right 4, | 
| I Transfer PAL(32-63) I 
I toA. 
| 
| Transfer PAL (32-63) i | 
| to T. | Seppe ee a eR 8 Ae Vt 
: OBTAIN LOW-ORDER WORD 
| Transfer PAL (64-67) | Transfer GPR per | 
to B (64-67). | E(8-11) + 1 to T. 
I | | 
| | 
| -- a a ta a eee 4 
l Transfer T to GPR H Abst aaa hal f I SHIFT LOW-ORDER WORD | 
r per E (8-11). of operand to L5. | LEFT 1 AND RIGHT 4 | 
| 
I 2s | 
eS SS ae 4 Transfer B(64-67) Transfers low-order | 
| SHIFT LOW-ORDER | to PAB(28-31). bits of high-order | 
1 WORD RIGHT 4 | half of operand to | 
| | low-order half of | 
mice, =< rand. 
| Transfer B (64-67) Transfers low-order Transfer T to q saint H 
| to PAB (28-31). bits of high-order PAA(31-62) . i ] 
i half of operand | I 
| to low-order half | Xe 
f d. =oeH5 
1 — | Transfer parallel adder 1 In effect, shifts I 
{ PAA(32-63). ! (4-63) to PAL(8-67) . operand right 3. | 
| | 
7 | | 
l 
I Transfer parallel adder ‘ | 
] (4-63) to PAL (8-67). | Transfer PAL(32-63) | 
| | to B. i 
| ! 
| 
pee | 
; (ees Serene Se eee nee 
Reset STAT A if | SHIFT LOW-ORDER 4 
PAL(32~63) does | WORD LEFT 2 
| not equal zero. I Transfer AB(6-67) | 
to oa . 
1 | PAL(4-65) | 
| | 
| Transfer PAL(32-63) 1 
| to B. | Transfer PAL(32-63) (Cea eget Ae Re 
| | toB. f 
Ae a ae eh a ee 4 | 
| | 
| Transfer A to T. | 
1. l 
BS a ee eee ee 
£(12-15) = 0001 >N2. 7 
| 
l 
Yes | 
| 
>) LEY ! 
| 
Sheet 4 Sheet 4 | 
I 
| 
I 
Diagram 5-119. Shift Right Double, SRDA (8E) (Sheet 3 of 4) 
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QJoll 


01 
PAL (62, 63) 


Shift Right 5, Right 9, 
and So On 


10 


Shift Right 6, Right 10, 


and So 


SHIFT HIGH-ORDER WORD 
RIGHT 4 


Transfer Tto 
PAA(32-63) . 


Propagate 1(32) to 
PAA(26-31) . 


Transfer parallel adder 
(4-63) to PAL(8-67) . 


1 


Shift Right 7, Right 11, and So On 
On 


SHIFT HIGH-ORDER WORD 
LEFT 1 AND RIGHT 4 


Transfer T to 
PAA(31-62). 


Propagate T(32) into 
PAA(26-31). 


In effect, shifts 
high-order bits of 
operand right 3. 


Transfer parallel adder J 


(4-63) to PAL(8-67) . 


Transfer PAL(24-67) 
to AB(24-67). 


Transfer PAL(32-63) 
- to T. 


Transfer T to GPR 
per E(8-11). 


1 Transfers high-order half 
of operand to LS, 


OBTAIN LOW-ORDER WORD 


Transfer GPR per 
E(8-11) + 1 to T. 


SHIFT LOW-ORDER WORD 
LEFT 1 AND RIGHT 4 


Transfer T to 
PAA(31-62) . 


Transfer B(64-67) to 
PAB(28-31). 


Transfers low-order 
bits of high-order 
half of operand to 
low-order half of 
operand. 


« 
—=_ ow oe 


In effect, shifts 
low-order bits of 
operand right 3. 


Transfer parallel adder 


(4-63) to PAL(8-67). 


Transfer PAL(32-63) 
to B. 


Transfer GPR per 
£(8-11) + Eto T. 


i Transfers high-order 
half of operand to T. 


Shifts high-order 
half of operand 
right 4. 


Sheet 2 


Sheet 4 


Sheet 2 
re A) (a LG CT a 7 
QJON - SHIFT LOW-ORDER 
: WORD LEFT 2 | 
| Transfer AB(6-67) | 
| to PAL(4-65) . | 
! 
Sheet 3 Transfer PAL to B. ! 
I 
OF ao : 
a ee a rs a es a ee 4 
Sheet 3 
eee i eeeeereerere ee S 
| SHIFT HIGH-ORDER | 
eee poop eee 
PAA(32-63) . SHIFT RIGHT 4 LOOP 7 
1 | | 
Propagate T(32) into | 
PAA(26-31). I Subtract 1 from { 
| E(12-15). 
l 
| == | | 
; | 
I Transfer parallel adder j cn reais | i | 
| (4-63) to PAL(8-67). anu | | aioe i | 
| a -63) . 7 
I | | I 
| | I 
| Set STAT A if | Propagate T(32) into | 
PAL(32-63) =0. PAA(26-31). I 
| | | | 
| | [ I 
Transfer PAL(64-67) P 3 
I to AB(64-67) . | | Transfer parallel adder aa ea aati | 
| | (4-63) to PAL(8-67). valf of operan I 
| : right 4. | 
| 
| a I 
; ee PAL(32-63) | ; I 
| I Set STAT A if i 
/ “Li PAL(32-63) =0. | 
| Transfer T to GPR ; Transfers high-order half | | 
I | 
8-11). 
per E(8-11) of operand to LS. | | Transfer PAL(64-67) 
| | to B(64-67). I 
Mss | | | 
ii os We eet oe 7 
| SHIFT LOW-ORDER | | | 
WORD RIGHT 4 | Transfer PAL(32-63) | 
Transfer B to | | to T. | 
PAB(32-63) . 
| | | 
| | | Transfer T to GPR = i 
ae | Places high-order half of | 
i Transfer B(64-67) Transfers. lowsorder bits | | per E(8-11). Me cercaid into LS. I 
| to PAB(28-31) . of high-order half of | 
| operand to low-order | J 
| half of operand. | Transfer B to | 
| | PAB(32-63) . | 
l | l | 
———— | l 
Transf lel add Shifts low-order half | = ae 
I | Getpieeauegn.” | L tommonsom es” | ff L| pieaGhe | rete ewer ! 
| | 6 ). I of high-order half of | 
| | ] | operand to low-order ! 
| | | I half of operand. . l 
| Reset STAT A if I | 
| PAL(32~63) does | | os 
not equal zero. A = 
| i | | Transfer parallel adder | shiffs low head ae | 
! (4-63) to PAL(8-67) . of operand right 4. 
| Transfer PAL(32-63) I : 
| to B. | : : 
| | H Reset STAT A if | 
| PAL(32-63) does 
Sheet 3 ee Se ee eee ee J i not equal zero. | 
Co | ! 
| | 
| Transfer PAL(32-63) | 
Yes No (Shift Right 4) | to B. : | 
| 
| 
| | 
| Yes No (Shift Right in Multiples of 4) | 
| 
a STORE LOW~ORDER WORD : | 
| 
; Subtract 1 from I a en oa ae es ee he es oe Nee te ees a | 
i E(12-15). | 
| I 
| I 
Transfer B to T. : 
I | 
| ses | 
1 Transfer T to GPR | ‘Transfers low-order | 
per E(8-11) + 1. | half of operand to LS. J | 
| 
L J 
Sheet 2 
: J 
Set CC per Result is zero (STAT A set): CC =0. l 
hardware Result is minus[A(0) = 1]: CC = 1. | 
conditions. Result is plus [A(0) = 0]: CC = 2. | 
t 
| 
| 
I 
| 
Re a a a a ee ee J 
Diagram 5-119. Shift Right Double, SRDA (8E) (Sheet 4 of 4) DIAGRAM 5-119. SHIFT RIGHT DOUBLE, SRDA (SE) (SHEET 4 OF 4) 


7201-02 FEMDM (7/70) S-119,Sh4 


Subtract or Compare 


A 
From $T SBB(0) pa on | FP Sign 
Perales KS171 


(Not) Subtract or Compare 


> From ST (Not) $BB(0) savEStGNst 
per STC : KSI71 Floating-Point 
Clock _ 


Floating-Point 


From A A(0) 
C Clock 


SAL(0) = 1 
FP Multiply or Divide A 
Clock 


tros Micro-order 


Diagram 5-201. Save Signs and Insert Sign Functions, and CC Setting 


5-201 (7/70) 


(Not) A(7) i‘ 
Add or Subtract or Compare 


Set CR Micro-order 


Not Clock P1 A 
Not Block CR 


3 Register 
Floating-Point Instruction ; | 
Not STATA ee | 
ES 2 01 
| L 
| 
| 
| RW351 
Be Te 
N 
L 
ae | 
RW341 | 
| RW351 
LS eres 


(Not) E(0) 


Multiply or Divide a 
A 


Multiply or Divide 


Load Complement 


E(4-6) = 010 
Floating-Point RR 


Fo | Result Sign Minus 


Load or Test 


Add or Subtract or Compare 


Load, Negative 


jor T(32) to LS 3us 


RSLT-SIGN —» LS Insert 


Clock aa 
(Not) Inhibit Sign on Log Shift 


Clock 


Error Reset or Log Out 


aati Ss eh ee 


Set interrupt code 


triggers and force 
end-op. 


Diagram 5-22 


Program 
interruption. 


QTo01 


Diagram 5-6 


RR I-Fetch. 


Specification 
check 


LER 


Transfer !ow-order 
fraction of 2nd 
operand from FPR 
per E(12-15) + 1 
to T. 


Load low-order 
fraction from T into FPR 
per E(8-11) +1. 


Transfer sign, charistic, 
and high-order fraction 
from S to T via 
parallel adder. 


Load sign, charistic, 
and high-order fraction 


from T into FPR 
per E(8-11). 


Qcos1 


Diagram 5-202. Load, LER (38) - Short Operands; Load, LDR (28) - Long Operands 


LER 
RR Format - Short Operands 


| | | | 


0 78 MW 12 15 


Purpose: Load 2nd operand (in FPR, per R2) into Ist 
operand location (in FPR, per R1). 


Conditions at start of execution: 

1. Instruction ts in E. 

2. Ist operand is in A, B, and D (24-bit fraction only). 
3. 2nd operand is in S and T. 


LDR 
RR Format - Long Operands 


{| mt | | 


te) 78 12 15 


Purpose: Load 2nd operand (in FPR, per R2 and R2 + 1) into Ist 
operand location (in FPR, per R] and RI + 1). 


Conditions at start of execution: 

1. Instruction is in E. 

2. 32 bits of Ist operand are in A, B, and D (24-bit fraction only) 
3. 32 bits of 2nd operand are in S and T. 

4. Low-order fractions of Ist and 2nd operands are in LS. 


Long operand low-order 
fetching and loading. LAI (0) is 


forced to a 1 to address 
FPR's. 


Prepare to load sign, charistic, 
and high-order fraction. 

Data is parity-checked in 
parallel adder. , 


. Long operands: FPR specified by 
RI and RI + 1 now contains data 
from FPR specified by R2 and R2+ 1. 

2. Short operands: FPR specified by 

RI now contains data from FPR 
specified by R2. 

LAL(0) is forced to a 1 to address 

FPR's. 


7201-02 FEMDM (7/70) 5-202 


QTOT 


> RX I-Fetch. 


_ Specification 


check 


Set interrupt code 


triggers and force 
end op. 


> Diagram 5-22 
Program 
interruption. 


No (LD) Yes (LE) 


Gate 2nd operand 
from SDBO(0-31) 


and place into T. 


Gate 2nd operand 
from SDBO (32-63) 
and place into T. 


Load sign, charistic, 
and fraction from 

T into FPR per 
E(8-11). 


ee ee ee ee 


Gate 2nd operand 
from SDBO (0-63) 
and place into ST. 


Load low-order . 
fraction from T into 
FPR per E(8-11) 
+1, 


Transfer S (sign, 
charistic, and high- 

E order fraction) to T via 
parallel adder. 


Load sign, charistic, 
and high-order 
fraction from T into 
FPR per E(8-11). 


Diagram 5-203. Load, LE (78) - Short Operands; Load, LD (68) - Long Operands 


5-203 (7/70) 


LE 
RX Format - Short Operands 


Vv 
[= [n|elel| = | 


0 78 11 32 516 19 20 31 


Purpose: Load 2nd operand (in storage) into Ist operand location (in FPR, per R1). 


Conditions at start of execution: 

1. Ist 16 bits of instruction are in E. 

2. Ist operand is in S and T. 

3. Main storage request for 2nd operand has been issued per D. 


LD 
RX Format - Long Operands 


[« [ulel[=| = | 


0 78 W 12 15 16 19 20 31 


Purpose: Load 2nd operand (in storage) into Ist operand location (in FPR, per 
Rl and R1 + 1). 


Conditions at start of execution: 

1. Ist 16 bits of instruction are in E. 

2. 32 bits of Ist operand are in S and T. 

3. Low-order fraction of Ist operand is in LS. 

4. Main storage request for 2nd operand has been issued per D. 


Data is fetched from main storage on 
doubleword boundary. D(21) 

determines which word is gated from 
SDBO toT. 


_Doubleword operand is gated 
from SDBO to ST. 


} Data is parity-checked in parallel adder . | 


FPR specified by RI and RI + 1 now contains 
I data from main storage location specified by 
| effective address. LAL(0)-is forced toa 1 
to address F PR's. 


@ RR Format ~ Short Operands 


[once [at | 


] 78 12:12 15 


Objectives: 
e@ Purpose: Load 2nd operand (in FPR, per R2) into Ist operand 
ic Fekeiepsiand: QToo! : location (in FPR, per R1): LTER, with original sign; LCER, with 


sign camplemented; LNER, with sign made minus; LPER, with 
2. Insert sign. Diagram 5-6 sign made plus. 
3. Store 2nd operand RR I-Fetch e@ Conditions at start of execution: 
into Ist operand : : 1. Instruction is in E. 


location: 2. Ist operand is in A, B, and D (24-bit fraction only). 


3. 2nd operand is in S and T. 


4. Test for zero result. 
@ Op codes: 


1.. LCER =33. 

Yes Specification No 2. LNER =31. 
check 3. LPER = 30. 

4. LTER = 32. 


Transfer 2nd 
operand fraction 
from T to D. 


Set interrupt code Save sign of 
2nd operand 


in STAT C. 


triggers and force 
end op. 


Diagram 5-22 
Program : Insert sign on LS bus 
interruption. per instruction 


and STAT C. 


LPER: Plus sign to LS. 

LNER: Minus sign to LS. 

LTER: Original sign to LS. 

LCER: Complement of original 
sign to LS. 

See Diagram 5-201. 


ROD ~~ 


Store charistic and 


Ist operand location now contains 2nd 
operand (specified by R2) with correct 

| sign. Sign is loaded from LS bus. LAL(0) 
is forced to 1 to address FPR's. 


fraction from T into 
FPR per E(8-11). 


Transfer. fraction Prepare to test for zero fraction. 
from D to PAL. Data is parity~checked 


in parallel adder. 


Set STAT A if 


fraction = 0 


(PAL = 0). 


Objectives: 


1. Set CC per hardware conditions . 


Qco05! 


2. End op. 


Yes Result = 0 No 


(STAT A = 1) 


LNER 


Original 
sign plus 


(STAT C =0 


Original 
sign plus 


(STAT C = 0) 


Set CC to 1 
(2nd operand <0). 


Set CC to 2 
(2nd operand >0). 


Set CC to 0 
(fraction = 0). 


Diagram 5-204. Load Positive, LPER (30); Load Negative, LNER (31); Load and Test, LTER (32); Load Complement, LCER (33) - Short Operand 


7201-02 FEMDM (7/70) 5-204 


QTo0! 


RR |-Fetch. 


QCc001 


A Objectives: 
1. Fetch operands. 
2. Insert sign. 


3. Store 2nd operand into 
Ist operand location. 


4. Test for zero result. 


Yes 


Specification 


check 


Set interrupt code 


triggers and force 
end op. 


Diagram 5-22 


Program 
interruption. 


Transfer sign, 
charistic, and 

high-order fraction 
from T to A. 


Transfer fraction 
> from A and S to 
DT (via PAL). 


Set STAT A if 
fraction = 0. 


Load low-order 


fraction from T 
into FPR per 
E(8-11) +1. 


> ‘Objectives: 


1. Set CC per hardware conditions. 
| QC051 


2. End op. 


Yes No 


Result = 0 
(STAT A = 1) 


Set CC to 0 
(fraction = 0). 


Set CC to 2 
(2nd operand >0). 


Diagram 5-205. Load Positive, LPDR (20); Load Negative, LNDR (21); Load and Test, LTDR (22); Load Complement, LCDR (23) - Long Operands 


5-205 (7/70) 


Fetch low-order fraction 
from FPR per E(12-15) + 
1 (R2 + 1) and 
place into S. 


Load charistic and 
high-order fraction 
from T into FPR per 
E(8-11). 


Original 
sign plus 
(STAT C = 0) 


hmwWN— 


Vv 5 Vv 6 


RR Format ~ Long Operands 


ts) 78 W 12 15 


Purpose: Load 2nd operand (in FPR, per R2 and R2 + 1) into 1st operand 
location (in FPR, per RI and R1 + 1); LTDR, with original sign; LCDR, 
with sign complemented; LNDR, with sign made minus; LPDR, with sign 
made plus. 


Conditions at start of execution: 

Instruction is in E. ; 

. 32 bits of Ist operand are in A, B, and D (24-bit fraction only). 
. 32 bits of 2nd operand are in S and T. 

. Low-order fractions of Ist and 2nd operands are in LS. 


Op codes: 

1. LCDR =23. 
2. LNDR =21. 
3. LPDR = 20. 
4. LTDR = 22. 


LAL(0) is forced toa 1 
to address FPR's. 


LPDR:. Plus sign to LS. 
LNDR: Minus sign to LS. 
LTDR: Original sign to LS. 
LCDR: Complement of 
original sign to LS. _ 
See Diagram 5-201. 


hWN — 


Insert sign on LS bus 
per instruction and 


STAT C. 


Inserted sign is stored at same 
time as charistic and high-order 
fraction. 


Prepare to make zero test of 
fraction and to store low-order 
fraction into FPR per RI +1. 
Data is parity-checked 

in parallel adder. 


Ist operand location now contains 
2nd operand (specified by R2) 
with correct sign. 


LNDR 


Original 
sign plus 


(STAT C = 0) 


Set CC to 1 
(2nd operand < 0). 


2nd Operand 
Charistic Smaller 


Prepare to store 
Ist operand. 


Unnormalized 


2 Vv 2 Vv 


RX [-Fetch. 


Diagram 5-6 


4 
RR t-Fetch. 
° 


e@ Purpose: 


Specification No No 


check 


Specification 
check 


nN 


Gate Ist operand to A. 
Yes Fetch 2nd operand Yes 


from storage and 
place into T. 


Set interrupt code Set interrupt code 


triggers and force 
end op. 


Diagram 5-22 Save-dignein STATS: 


triggers and force 
end op. 


0 


@ Purpose: 


Program 
interruption. 


do 


“Program 
interruption. 


Place 2nd operand 
into D andS. 


Determine charistic 
difference. 


e@ RR instructions: AER, AUR, SER, SUR, CER. 


Wh 12 15 


1. AER, AUR, SER, SUR - Algebraically add (subtract) 2nd operand 
(in FPR, per R2) to (from) Ist operand (in FPR, per R1) and place 
normalized result (unnormalized result for AUR and SUR) into Ist 
operand location. : 
. CER - Algebraically compare Ist operand (in FPR, per RI) with 2nd 
operand (in FPR, per R2); CC indicates results. 


e RX instructions: AE, AU, SE, SU, CE. 


oc [lela] | 


W412 516 19 20 H 


(in storage) to (from) Ist operand (in FPR, per R1) and place 
normalized result (unnormalized result for AU and SU) into 
Ist operand location. 

. CE -Algebraically compare Ist operand (in FPR, per R1) with 
2nd operand (in storage); CC indicates result. 


1. AE, AU, SE, SU - Algebraically add (subtract) 2nd operand 
Diagram 5-22 


Charistic Difference < 7 


Charistic Difference > 7 

(Charistics Not Within Range) 

Ist Operand 
Charistic Smaller 


Prepare to store 
2nd operand. 


Signs Alike | 
Ist Operand Charistics | 
Charistic Smaller Equal 


2nd Operand 
Charistic Smaller 


Branch on 
sign and charistic 
difference 


Equalize charistics Equalize charistics 
by shifting 2nd by shifting Ist 
operand fraction operand fraction 


right. right. 


Branch 
on instruction 
op-code 


Normalized 


Set STAT D. 


Compare 


Normalize result. 


Add fractions; 
place charistic 
into F. 


Branch 
on instruction 
op-code 


Unnormalized Normalized 


Compare 


If fraction overflows, 
shift fraction RI 
digit and adjust 
charistic. 


If fraction overflows, 
shift fraction RI 


digit and adjust 
charistic. 


Yes No Result 4 0 and 


Fraction Normalized Result = 0 


ond fraction 
normalized 


Store result into 
FPR per R1. 


Exponent 
overflow or 
underflow 


Perform overflow/ 
underflow routine. 


Was 
fraction preshifted 
(STAT D set) 


Set CC per 
hardware conditions; 
end op. 


Check guard digit 
for significant 
bits. 


Perform zero fraction/ 
lost significance 
routine. 


Diagram 5-206. Floating-Point Add, Subtract, and Compare - Short Operands (Sheet 1 of 5) 


Result = 0 


Signs Unlike 
Ist Operand 
Charistic Smaller Equal 


2nd Operand 
Charistic Smaller 


Equalize charistics 
by shifting Ist 
operand fraction 
right. 


Equalize charistics 
by shifting 2nd . 
-operand fraction 
right. 


Set STAT D. 


Subtract 2nd operand 
fraction from Ist 
operand fraction; 
place charistic 

into F. 


Branch 
on instruction 
op-code 


Unnormalized Normalized 


Compare 


If fraction overflows, 
complement result . 


If fraction overflows, 


complement result. 


Result 40 and 
Fraction Not Normalized 


Normalize result. 


@ = 


Yes 


Restore result 
high-order digit 


(shift out by 
normalizing) and 
store into LS. 


7201-02 FEMDM 9 (7/70) 5-206, Sh 1 


Charistics 


Program 
interruption. 


QT001 


Diagram 5-9 


RX I|-Fetch. 


QG001 


Yes Specification 


check 


Set interrupt code 


triggers and force 
end op. 


Objectives: 


Transfer Ist operand 
sign, charistic, 

and fraction 
from T to A. 


1. Place Ist 
operand into A. 


Diagram 5-22 


2. Fetch 2nd operand 
and place into T. 


No Yes 


Fetch 2nd 
operand from 
SDBO(32-63) 


Fetch 2nd 
operand from 


- SDBO(0-31) 


per effective 
address and 
place into T. 


per effective 
address and 
place into T. 


[eee eS a ee 


| Objective: 


| Save signs in Place sign of 


| STAT's. 


Ist operand into 
STAT F. 


Subtract or 
Add Compare 


Place complement 
of 2nd operand 
sign into STAT C. 


Place sign of 
2nd operand into 
STAT C. 


-———-—— - -—— -- - - - 
| Objective: 


Subtract Ist operand 
charistic from 2nd 


Determine charistic 


‘difference. mee 
operand charistic 


| and place difference 


p—_—-___. -— —_~_—-~ ———— 


Objective: 


Place 2nd operand 


Transfer 2nd operand 
into D and S. 


fraction from 
TtoSandD. 


Reset B and T. 


Charistics Not Within Range (Difference > 7) 


"FLR' 
micro~order 
(ROS 10-way 
branch) 


0000 or 0100 1000 or 1100 


2nd Operand 
Charistic Smaller 


Ist Operand 
Charistic Smaller 


Cos ee 


To Sheet 3 


5-206,Sh 2 (7/70) 


a aa Sere eh ee 


QT001 


Diagram 5-6 


RR I-Fetch. 


e@ RR Format - Short Operands 


orc [er [| 


Specification 
check 


e@ Conditions at start of execution: 
1. Instruction is in E. 
2. Ist operand is in A, B, and D (24-bit fraction only). 
3. 2nd operand is in S andT. 
4. STC = 4 ('RESET' micro-order during I-Fetch). 


e Op Code: 
1. AER =3A 
sie 2. AUR = 3E 
3. SER = 3B 
4. SUR = 3F 
Set interrupt code 5. CER = 39, 


triggers and 
force end op. 


Program 
interruption. 


See table on 
this page. 


e RX Format - Short Operands 


ce 


° 78 Wi 12 15 16 19 20 3t 


e Conditions at start of execution: 
1. Ist 16 bits of instruction are in E. 
2. Ist operand is in S and T. 
3. Effective address of 2nd operand is in D. 
4. 2nd operand is in main storage. 


5. STC =4 ('RESET' micro-order during !-Fetch). 


© Op Codes: 
1. AE=7A. 
2. AU =ZE. 
3. SE =7B. 
4. SU=7F. 
5. CE=79. 


= 1 if a serial adder carry occurred (2nd operand charistic 2 
Ist operand charistic). 
= 1 if signs are alike (add fractions). 


= 1 if charistics are within range (charistic difference < 7): 
a. Serial adder carry and SAL(O-4) = 0. 
b. No serial adder carry and SAL(0-4) = F (hex). 


= 1 if SAL = 0 (charistics equal). 


ROSAR 


Operation Performed 


Apne 

al ole fel: metweeet = 
oll lL ieee ene 
2 eS 
Sith miicensmeesa—es | 
i) sill sense Seg en 
D[o[ fo rahi noeminacina nomena owes | 
ES ee 
el lwilih sieved ee 
Glu || cnoninemeeiearw eee | 
FS ER ee 


Charistics Within Range (Difference < 7) 


Signs Alike | Signs Unlike 
0110 1110 W11 | 0010 1010 1011 
2nd Operand Ist Operand Charistics 2nd Operand ist Operand Charistics 
Charistic Charistic Equal Charistic Charistic Equal 
Smaller Smaller Smaller Smaller 


VY Le YY 
ee a 


To Sheet 3 


Diagram 5-206. Floating-Point Add, Subtract, and Compare - Short Operanes (Sheet 2 of 5) 


Rs 


To Sheet 5 


Sheet 2 


Objective: 


Objective: 


Transfer plus sign 


Transfer plus sign to F(0) 


Sheet 2 


~—---4-——------—--- 


Sheet 2 


Objective: 


Prepare to store 
Ist operand. 


Sheet 5 


Set STAT A if 


fraction equals 0. 


[ PAL(7-67) = 0] . 


Unnormalized 


to F(0) and 
charistic from 


A(1-7) to F(I-7). 


Shift 2nd operand 
fraction in DT R4 


piv Prepare to store | Equalize charistics 
and charistic from 2nd operand. by shifting 2nd 
S(1-7) to F(1-7). | operand fraction right. 


Equalize charistics 
by shifting Ist 
operand fraction 


! 
| 
| right. 
| 
| 
| 
| 


and place into OT 
and B(64-67). 


Add 1 to F. 


| 
| 
et 


cl 
--- | 
Transfer STAT C Place 2nd operand | 

to STAT F. | sign into STAT F. | 

| 

Transfer fraction from | 

| 
| 

| 

| 

| 

4 

| 

| 

| 

| 


L___, 


Charistics Yes 


equal 


| 
| 
| 
| 
place into DT. 
| 
| 
| 
| 
| 


Set STAT A if 
fraction equals 0 


[ PAL(7-67) =0 ]. 


Branch 
on instruction 
op-code 


Normalized G 


Sheet 4 


Y ee 


Sheet 4 


Compare 


Objectives: 
1. Add fractions. 


2. Place charistic 


into F. . place sum into 


AB and DT. 


| 

| 
Add DT to AB and | , 

{ 

| 

| 


to F(1-7) 
C F(0) is reset ae 


Set STAT A if 
fraction equals 0 


| 
| 
| 
| 
| 
| 
Transfer charistic 
| 
| 
| [ PAL(7-67) =0 }. 


Unnormalized Compare 


on instruction 
op-code 


Normalized 


Objective: 


If fraction overflows, shift 
fraction RI digit and 
adjust charistic. 


A(7) =1 
(fraction © 
overflow) 


Yes No 


(fraction 
overflow) 


Shift AB R4 
and place fraction’ 
into DT. 


Shift AB R4 
and place fraction 
into DT. 


Add 1 to F. 


Sheet 4,5 


Result ¥ 0 and 


Fraction Normalized 


~ Result = 0 
and fraction 
normalized 


Sheet 4 Result = 0 
eet ——_$ oo 
| Objective: as 
Store result into Insert sign on LS 


bus, and transfer 
charistic from F 
to T(32-39) and 
fraction from D 


to T(40-63). 


LS per RI. Sheet 4 


‘Store sign, charistic, 
and fraction into FPR 


per E(8-11). 


Sheet 4 


Diagram 5-206. Floating-Point Add, Subtract, and Compare - Short Operands (Sheet 3 of 5) 


7201-02 FEMDM_ (7/70) 


Shift Ist operand in 


AB R4 and place 
into AB(7-67). 


Subtract 1 from F. 


Yes Charistics 


equal 


Indicates that 
equalizing was 
necessary . 


If Ist operand 
charistic was greater, 
A(1-7) is sent 

to F; if 2nd 

operand charistic was 
greater, S(1-7) is 
sent toF. Larger 
charistic becomes 
.charistic of result. 


Result # 0 and Fraction 
Not Normalized 


Sheet 4 


5-206, Sh 3 


2 Vv 3 Vv 4 


Sheet 3 


SAL(O) or F(Q) = 1. 


Exponent 
overflow or 
underflow 


Yes 
[re a ee Nr a ee te ee ee 
| Objectives: | 
| : 1. If overflow or underflow and 
| PSW(38) = I, initiate 
| Ne Gvenlew) Underflow interruption request. | 
[SAL(1) = 1] 
| 2. If underflow and PSW(38) = 
| : 0, store O's into FPR per RI. | 
Yes | 
| = | 
|. | 
| Set 'overflow/- Store 0's into | 
| underflow' trigger. FPR per E(8-11). | 
l I 
Piece gee a ee ae oo a 


fraction preshifted 
(STAT D set) 


Transfer D to 
DT via PAL. 
Reset STAT D. 


Set STAT A if 
fraction equals 0 
[ PAL(7-67) =0]. 


| Objective: Me 


| Check guard digit 
| for significant bits. 


PAs 
j Obiective: 


| Perform zero fraction/ 
| lost significance 
! routine . Store 0's into 


FPR per E(8-11). 


Transfer charistic 
from F to 1(32-39) 
and 0's to 

T(40-63) . 


Store plus sign, 
charistic, and zero 
fraction into FPR 

per E(8-11). 


Set ‘divide check/ 
lost significance’ 
trigger. 


| Interruption 
! executed. 


t cme ee es ge ee ee Ne a ee tt wae eee ee ee ee ee 


Diagram 5-206. Floating-Point Add, Subtract, and Compare - Short Operands (Sheet 4 of 5) 


5-206,Sh4 (7/70) 


Store T into FPR 
per E(8-11) (0's 
are stored). 


Add 1 to F. 
Reset STAT D. 


Result #0 and 
Fraction Normalized 


Sheet 3 


Sheet 3,5 


Set CC per 
hardware 
conditions. 


Objective: 
Shift DT and 
B(64-67) L4 


Normalize result. 
and place fraction 
into DT and AB. 


Subtract 1 from F. 


Result # 0 and 
Fraction Not Normalized 


Result 

=0 and 
fraction 

normalized 


Shift DT L4 
and place 
fraction into DT. 


Subtract I from F. 


Result ~ 0 


Sheet. 3,5 


Objective: 

, ‘ Objective: 
Equalize charistics by Shift 2nd operand in Guard digit saved _ Pe Shift Ist operand 
shifting 2nd operand DT R4 and in B(64-67). Equalize charistics by in A R4 and 


fraction right. place into OT and 
B(64-67). 


place into AB. 


shifting Ist operand 
fraction right. 


! One more shift | 


occurs after branch. 


Yes 


Charistics 
equal 

{SAL(4-7) 

=1111] 


Charistics 
equal 


Shift A R4 and 
place into AB. 
Subtract 1 from F. 


Shift D R4 and 
place into DT. ae Rae eee a —— 
| Objectives: | 
| 1. Subtract 2nd operand | Set STAT D. | Indicates equalizing 
Add I to F. | fraction from Ist ; was necessary . 


operand fraction. 


emer ree ee ee ee eee ee 


2. Place charistic into F. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
L 


Subtract DT from AB 
ond place difference 
into AB and DT. 


Transfer charistic 


If Ist operand charistic 
was greater, A(1-7) is 
sent to F(1-7); 

if 2nd operand charistic 
was greater, S(1-7) 

is sent to F(1-7). 

Larger charistic 
becomes charistic 

of result. 


to F(1-7) 
[F(0) is reset ]. 


po--------- eb 


Branch 


Unnormalized G Compare 
on instruction 
op-code 
Normalized k Objective: 
Sheet 4 


Normalize result. Shift DT and 
B(64-67) L4 and 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
a 


place fraction 
into T and AB. 


Subtract 1 from F. 


If 2nd operand fraction is No No 
larger than Ist operand 
fraction, result is in 
complement form; change 
to true form. 


Complement DT and 
8(64-67) and place 

fraction into DT and 
B(64-67). Transfer 

charistic from 

F to S(0-7). 


Complement OT 
and place 
fraction into DT. 


A(8-11) =0 


Shift AB L4 
and place into 
AB andT. 


Subtract I from F. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
as 


Sheet 3 


Result # 0 and 
Fraction Normalized 


Result 
= 0 and fraction 
normalized 


Result = 0 


sc es ae i See es Set ee ed 
Result # 0 and 
Fraction Not - 
Normalized a 

Result 40 ; 

and Fraction Result Result # 0 and 

li su . . 
Sheet 3 Sheet 4 Not Normalized hh end tention Fraction Normalized 


normalized 


Result Fraction Ly) 
=0 


Sheet 3 


Insert sign on 

LS bus; transfer 
charistic from 
S(0-7) to T(32-39) 
and fraction 


from D to T(40-63). 


Restore fraction result 
from D and store into LS 
(fraction result was .0001 
and was shifted out). 


Store sign, charistic, 
and fraction from 

T into FPR 

per E(8-11). 


Sheet 4 


Diagram 5-206. Floating-Point Add, Subtract, and Compare - Short Operands (Sheet 5 of 5) 
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Diagram 5-6, 5-9 


3 


RR or RX I-Fetch. 


Yes Specification 


check 


Set interrupt code Fetch operands. 


Save signs 
in STAT's. 


triggers and 
force end-op. 


Diagram 5-22 


Program 
interruption. 


Subtract charistics 


to determine 
charistic difference. 


Charistic Difference £15 and Signs Alike 
Ist Operand 
Charistic Smaller 


Charistic Difference >15 
Ist Operand 
Charistic Smaller 


2nd Operand 


2nd Operand 
Charistic Smaller 


Charistic Smaller - 


Equalize charisties 
by shifting 2nd 
operand fraction 
right. 


Equalize charistics 
by shifting Ist 

operand fraction 
right . 


Prepare to store 
2nd operand. 


Prepare to store 
Ist operand. 


Branch 
on instruction 
op-code 


Unnormalized Normalized 


Add fractions. 


Compare 


Branch 
on instruction 
op-code 


Unnormalized 


If fraction overflowed, 


shift sum fraction Compare 


RI and adjust 
charistic. 


Result 4 0 and 
Fraction Normalized 


Result = 0 
and fraction 
normalized 


Result = 0 


Store result 
into FPR per 
Rl and RI +1. 


Perform zero fraction/ 
lost significance routine. 


Exponent 
overflow or 
underflow 


Perform 
overflow/ 
underflow 
routine. 


Set CC per 
hardware 
conditions. 


Diagram 5-207. Floating-Point Add, Subtract, and Compare - Long Operands (Sheet 1 of 5) 


5-207,Sh1 (7/70) 


Result 4 0 
and Fraction 
Not Normalized 


Vv 5 


e RR instructions: ADR, AWR, SDR, SWR, CDR 
orca [| a 
° 78 1 12 15 
e Purpose: 
1. ADR, AWR, SDR, SWR - Algebraically add (subtract) 2nd operand (in FPR, per R2 and 
R2 + 1) to (from) Ist operand {in FPR, per RI and RI + 1) and place normalized result 
(unnormalized result for AWR and SWR) into Ist operand location. 
2. CDR - Algebroically compare Ist operand (in FPR, per RI and RI + 1) with 2nd operand 
(in FPR, per R2 and R2 + 1); CC indicates result. 
e@ RX instructions: AD, AW, SD, SW, CD 
a 
° 78 N12 15 16 19 20 31 
e@ Purpose: 


1. AD, AW, SD, SW - Algebraically add (subtract) 2nd operand (in storage) to (from) Ist 
operand (in FPR, per Rl and RI + 1) and place normalized result (unnormalized result 
for AW and SW) into Ist operand location. ; 

. CD - Algebraically compare Ist operand (in FPR, per RI and RI + 1) with 2nd 


operand (in storage); CC indicates result. 


nN 


Charistic Difference < 15 and Signs Unlike 


Charistics 2nd Operand Ist Operand Charistics 
Equal Branch Charistic Small orfase | 
qua Sactgnegnd aristic Smaller Charistic Smaller Equa 
charistic 


difference 


‘Equalize charistics 
by shifting Ist 
operand fraction 
tight. 


Equalize charistics 
by shifting 2nd 
operand fraction 
right. 


Subtract 2nd 
operand fraction 
from Ist 

operand fraction. ° 


Normalized 


Branch 
on instruction 
op-code 


If fraction 
overflowed, shift 


Unnormalized Normalized 


sum fraction RI 
digit and adjust 


charistic. If fraction 


If fraction 


overflowed, 
complement result. 


overflowed, 
complement result. 


Compare 


Store low-order 


fraction into FPR 
per RI +1. 


Normalize 
fraction. 


cr) Result #0 Result 40 
and Fraction Ratul=o and Fraction 
Normalized ne Not Normalized 


and fraction 
normalized 


Result = 0 Normalize result . 


Yes 


Restore fraction and 
store into FPR per R1 
and R1 + 1 (fraction 


result was .0001 and 
was shifted out. 


N 
4 
w 


QTon QT001 e@ RR Format - Long Operands 


Opcode | ei | 2 | 
Diagram 5-6 iia 


i) 73 VW 12 Ss 


Diagram 5-9 


RX I-Fetch. RR I-Fetch. 


e@ Conditions at start of execution: 
1}. Instruction is in E. 
2. 32 bits of Ist operand are in A, B, and D (24-bit 
fraction only). i 
3. 32 bits of 2nd operand are in S and T. 
4. Low-order fraction of Ist and 2nd operand is in LS. 
5. STC =4. 


QG001 


Yes No Yes Specification 


check 


Specification 
check 


e Op Codes: 
1. ADR =2A. 
Set interrupt code Set interrupt code es i tas : 
triggers and force triggers and force 4 : SWR e OF. 
end op. end op. 5. CDR = 29. 


e@ RX Format - Long Operands 


Diagram 5-22 
Toce [x [ele] = 


Program Program 0 78 12 15 16 19 20 31 
interruption . interruption. ae 3 
; e Conditions at start of execution: 


1. Ist 16 bits of instruction are in E. 

1 csechis See? selma, ma aaa ets cms Sait ii imma i Ny EN a = Fe —s 2. 32 bits of Ist operand are in S and T. 
~ — | 3. Low-order fraction of Ist operand is in LS. 
4. Effective address of 2nd operand is in D. 


Objectives: 5. 2nd operand is in main storage. 
Transfer Ist operand Fetch low-order Transfer 
1. Fetch operands. sign, charistic, and fraction of Ist high-order fraction e Op Codes 
high-order fraction operand from FPR of 2nd operand 1 e AD = 6A 
2. Save signs in STAT's . from T to A. per E(8-11) + 1 from S to D. 2. AW = 6E. 
- and place into T. 3. SD = 6B 
3. Determine charistic Ps SW = 6F 
difference. 5. CD = 69 


Fetch low-order 
fraction of Ist 
‘operand from FPR 
per E(8-11) + 1 
and place into T. 


'Save-signs' 
micro-order. 


Place sign of 
Ist operand 
into STAT F. 


fraction of Ist 


operand from 
T to B. Subtract or Compare 


Transfer low-order | 


Fetch 2nd operand 
from SDBO(0-63) 
and place 

into ST. 


= 1 if o serial adder carry (2nd operand 2 
Ist operand). 


Complement sign of 
2nd operand and place 
into STAT C. 


Place sign of 
2nd operand 
into STAT C. 


= 1 if signs are alike (add fractions) . 


= 1 if preshifting is necessary ( = 0 if charistics 
are not within range): 
a. Serial adder carry and SAL(0-3) = 0. 
b. No serial adder carry and SAL(O-3) = 1. 


Place sign of , 
Ist operand | 
into STAT F. | 


= 1 if SAL = 0 (charistics equal). 


Subtract Ist operand 
charistic from 2nd 
operand charistic 
and place difference 
into F. 


‘Save-signs' 
micro-order . 


Add | Subtract or Compare Operation Performed 


Transfer !ow-order 
fraction of Ist 
operand from T to B. 


Place sign of 
2nd operand 
into STAT C. 


Complement sign of 
2nd operand and 
place into STAT C. 


Store Ist operand. 


Preshift 2nd operand and add 


; 2nd operand to Ist operand. 
Fetch low-order fraction 


of 2nd operand from Store 2nd operand. 


FPR per E(12-15) + 1 
and place into T. 


Preshift Ist operand and subtract 
2nd operand from Ist operand. 


rs cy. al Subtract 2nd operand from Ist operand. 
ie hes. 20 Store 2nd operand. 


Subtract Ist operand 
charistic from 2nd 
operand charistic 
and place difference 
into F. 


Preshift Ist operand and add 
2nd operand to Ist operand. 


Transfer high-order 
fraction of 2nd 
operand from S to D. 


Add 2nd operand to Ist operand. 


a a a ee 


See table on this page. 


Charistic Difference >15 | Charistic Difference £15 and Signs Alike Charistic Difference £15 and Signs Unlike 
2nd Operand Ist Operand 2nd Operand Ist Operand 2nd Operand Ist Operand 
Charistic Smaller Charistic Smaller ‘FLR' Charistic Smaller Charistic Smaller Charistics Equal Charistic Smaller Charistics Equal Charistic Smaller 
0000 or 0100 1000 or 1100 micro~-order orld 1110 ui 0010 1011 1010 
(ROS 10-way 
branch) | 
us y yo O8 UV!o Vv & 
eS oho i 2 | SC A 
Sheet 3 Sheet 3 Sheet 5 


Diagram 5-207. Floating-Point Add, Subtract, and Compare - Long Operands (Sheet 2 of 5) 
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Objective: 


A Prepare to 
store Ist 
| operand. 


Diagram 5-207. Floating-Point Add, Subtract, and Compare - Long Operands (Sheet 3 of 5) 


5-207,Sh3 (7/70) 


F(1-7). 


Sheet 2 


Transfer fraction 
from AB to DT 


| 
| 
| 
| 
and AB. | 
| 
| 
| 
| 


Set STAT A if 


fraction equals 


0) nee 


Branch 
on instruction 
op-code 


Unnormalized 


Normalized 


Sheet 4. 


Objective: 
If fraction overflowed, 


shift sum fraction RI 
and adjust charistic. 


Sheet 5 


Objective: 


Store result and 
check for zero. 


Sheet 4,5 


Insert sign on LS bus, 
ond transfer charistic 
from F to T(32-39) and 
high-order fraction 
from D to T(40-63). 


Store sign, charistic, 
and high-order 
fraction into FPR 

per E(8-11). 


| 
| 
| 
| 
| 
| 
| 
| 
| 
ee 


Sheet 4 


4 Objective: 
Transfer plus sign Prepare to Transfer plus sign 
to F(0) and charistic store 2nd to F(O) and charistic 
from A(1-7) to operand. from S(1-7) to 


F(1-7). 


Compare 


Vv 


Sheet 2 


Transfer fraction 
from DT to AB 
and DT. 


Set STATA if 


fraction equals 
0 [PAL(7-67) 


Sheet 4 


Yes 
(Fraction 
Overflow) 


Shift AB R4 
and place fraction 
into DT. 


Store low-order 
fraction from T 
into FPR per 
E(8-11) +1. 


Equalize Shift 2nd operand 
charisties by in DT R4 and 
shifting 2nd place into DT 


operand fraction 


right . 


v 


Sheet 2 


and B(64-67). 


Add 1 toF. 


Charistics 
equal 

[SAL(4-7) 

=1111) 


Shift DT R4 
and place into 


DT and B(64~67). 


Add | to F. 


1. Add fractions. 


2. Place charistic 
into F. 


Le ae ee 


Qc021 


Unnormalized 


Shift AB R4 
and place fraction 
into DT. 


Store low-order 
fraction from T 
into FPR per 
E(8-11) +1. 


Result 

= 0 and 
fraction 

normalized 


Result = 0 


(Fraction 
Overflow) 


Result 4 0 and 
Fraction Normalized 


Sheet 2 


Shift Ist operand Equalize 
in AB R4 and charisties by 
place into shifting Ist 


AB(8-67). 


operand fraction 
right . 


Charisties 
equal 
(SAL(4-7) 
= 0001) 


| 
| 
| Shift AB R4 and 
| place into AB. 
| 
| 


Add DT to AB and 
place sum into 


AB and DT. 


| 

| 

| 

Transfer plus ign to | 
F(0) and charistic | 
to F(1-7). l 
| 

| 

| 

| 

1 


Set STAT A if 
fraction equals 0 


[ PAL(7~67) 


Branch 
on instruction 
op-code 


Compare 


Normalized Sheet 4 


Result # 0 and 
Fraction Not Normalized 


Sheet 4 


Objective: . “7 


Sheet 3 


Exponent 
overflow or 
underflow 


No 


Objectives: 


1. If overflow, set ‘program 
interrupt’ trigger . 


No (Overflow) Underflow 


[SAL(1) a 1] 2. If underflow, set ‘program 
interrupt’ trigger and/or 
store positive zero per 


mask bits. 


Store 0's into FPR 
per E(8-11) +1. 


Set ‘program Store 0's into 
interrupt’ trigger. FPR per E(8-11). 


Sheet 3,5 


T Objective: 
Perform zero fraction/ 


lost significance routine. Store T info FPR 


per E(8-11) (0's 
are stored). 


are stored). 


Reset STAT D. 


to T(40-63). 


trigger. 


Sheet 3,5 


Set CC 
per hardware 
conditions. 


Diagram 5-207. Floating-Point Add, Suttract, and Compare - Long Operands (Sheet 4 of 5) 


Sheet 3 


Store T into FPR 
per E(8-11) (O's 


Add | to F. 


Transfer charistic from 
F to T(32-39) and 0's 


Store plus sign, charistic, 
and zero fraction into 


FPR per E(8-11). 


Set ‘divide-check/ 


lost-significance' 


4 ” 5 


Sheet 3 


Objective: 


Shift DT and 


B(64-67) L4 and Normalize result and store !ow-order fraction. 


place fraction into 
DT and AB. 


Subtract | from F. 
Ye 


No 


es 


A(8-11) =0 


Shift DT L4 
and place fraction 


into DT. 


Subtract | from F. 


Store low-order 
fraction from T into 


FPR per E(8-11) + 1. 


Result # 0 and Fraction 
Not Normalized 


Result =0 
and fraction 
normalized 


Result = 0 


Shift DT L4 
and place fraction 
into DT. 


Subtract 1 from F. 


Store low-order 
fraction from T into FPR 
per E(8-11) +1. 


Result 4 0 
and Fraction Normalized 


Sheet 3 


2701-02 FEMDM 


(7/70) 5-207, Sh 4 


pocenn on ------ 


Objective: 


Equalize charistics by 
shifting 2nd operand fraction 


3 Vv 4 


Sheet 2 Sheet 2 


Shift 2nd operand 
in DT R4 and place 


into DT and 


right. B(64-67). 


Add 1 toF. 


Charistics 
equal 
(SAL(4-7) 
=i 


Yes 


Shift DT R4 
and place into 


DT and B(64-67). 


Add 1 toF. 


Objective: 


If 2nd operand fraction 
is larger than Ist 
operand fraction, result 
is in complement form; 
change to true form. 


Complement DT 
and place fraction 
into DT. 


ends ere ha 


E Sheet 3 


Result #0 and 
- Fraction Normalized 


Sheet 3° 


a _] 
| 
| 
| 
| 
L 


| Objective: 


Subtract 2nd operand 
fraction from Ist 
operand fraction. 


Unnormalized 


Yes 


Complement DT and 
B(64-67) and place 

fraction into DT and 
B(64-67). Transfer 

charistic from 


F to $(0-7). 


Store low~order 
fraction from T 


into FPR per 


Subtract DT from 
AB and place 


difference into 
AB and DT. 


Transfer plus sign 
to F(0) and 
charistic to F(I-7). 


Set STAT A if 
fraction equals 0 
[PAL(7-67) = 0]. 


Branch 
__on instruction 
op-code 


Normalized 


E(8-11) +1. 


Result 
=0 and 
fraction 
normalized 


Result # 0 and 
Fraction Not 


Result = 0 


Sheet 4 


Normalized 


Diagram 5-207. Floating-Point Add, Subtract, and Compare - Long Operands (Sheet 5 of 5) 
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Compare 


Sheet 4 


Sheet 2 


Shift Ist operand 


in AB R4 and 
place into AB. 


Objective: 


Equalize charistics by 
shifting Ist operand 


fraction right. 


Subtract 1 from F. 


Charistics 


Yes equal 
[SAL(4-7) 
= 0001] 
Shift AB R4 and 
place into AB. 
Subtract 1 from F. 
Objective: 


Shift DT and 


Normalize result. B(64-67) L4 and 


place fraction 
into T and AB. 


Subtract 1 from F 


Yes 


Shift AB L4 and 
place into AB and T. 


Store low-order 
fraction from 

T into FPR per 
E(8-11) + 1. 


7 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Result # 0 and Fraction 
Not Normalized 


Result ¥ 0 and 
Fraction Normalized 


Result 
= 0 and fraction 
normalized 


Sheet 3 Result = 0 


op et sd 


Objective: 


Restore fraction result 
from D and store into LS 
(fraction result was 
.0001 and was shifted 
out). 


Insert sign on LS bus; 
transfer charistic from 
§(0-7) to T(32-39) and 
high-order fraction 
from D to T(40-63). 


Store sign, charistic, 
and high-order 
fraction from T 

into FPR per 
E(8-11). 


Soe pe) gee ee | 


2 v 


QT001 


Diagram 5-6 


@ RR Format - Short Operands 


ma 


0 


Specification 


check FPR, per RI). 


Set interrupt code 


triggers and force 


Gate 2nd operand 1 
end op. . 


fraction from T to D. 2 


Diagram 5-22 


interruption. 
P RI shift accomplished 


Shift fraction RI and by R3 shift to AB 
gate to D (via PAL). followed by L2 shift 
toD. Guard digit 
is retained in B(64-67). 


Save charistic in F, 


Test for 
fraction = 0 and 
unnormalized 


Fraction = 0 Unnormalized 


Shift fraction L4 to D 
(includes guard digit), 


Store 0's into 
FPR per RI. 


Normalized | 


Gate charistic and 
fraction to T and 
store into FPR per RI. 


Set sign per STAT C. Subtract | from 


charistic in F, 


PSW(38) set 


Store 0's into 
FPR per R1. 


Set 'program 
interrupt’ trigger. 


Diagram 5-208. Halve, HER (34) - Short Operands 


-) 
< 

i 
<4 

on 


e Purpose: Divide 2nd operand 

(in FPR, per R2) by 2 and 

No place normalized quotient 
into Ist operand location (in 


e Conditions of start of execution: 
Instruction is in E. 

Ist operand is in A, B, and D. 
3. 2nd operand is in S and T. 


Gate sign to STAT C, 


! 
| 'Save signs’ micro-order 
1 (see Diagram 5-201). 
' 


7201-02 FEMDM 9 (7/70) 5-208 


Set interrupt code 
triggers and force 


end op. 


Diagram 5-22 


Program 
interruption. 


Vv 3 Vv 
QT001 . 
Qc001 
Yes No 


Specification 
check 


. Gate high-order fraction 
of 2nd operand from T 
to D (via PAL). 


Fetch low-order fraction 
from FPR per RI + 1] 
and gate to T, 


Save charistic in F, Shift DT R1, 


Fraction = 0 Fraction = 0 or 


unnormalized 


Store 0's into FPR 
per Rl and RI +1. 


Store low-order fraction 
into FPR per RI +1. 


and charistic to T, and 


Set sign per STAT C. © 


Store 0's into FPR 
per RI and R1 +1. 


Diagram 5-209. Halve, HDR (24) - Long Operands 


5-209 (7/70) 


Unnormalized 


Store low-order fraction 


Normalized into FPR per RI + 1. 


Gate high-order fraction 


store into FPR per RI + 1. 


e@ RR Format - Long Operands 


a ce 


0 78 it 12 15 


e Purpose: Divide 2nd operand 
(in FPR, per R2 and R2 + 1) 
by 2 and place normalized 
quotient into Ist operand 
location {in FPR, per RI and 
R1 +1). . 


e@ Conditions of start of execution: 
Instruction is in E. 


32 bits of Ist operand are in A, B, and D. 


32 bits of 2nd operand are in S and T. 


R1 shift accomplished Save sign in STAT C. 


by R3 shift to AB 
followed by L2 shift 
to DT. Guard digit 
retained in B(64-67). 


Shift DT L4 [includes 
guard digit from 
B(64-67)} . 


Subtract 1 from 
charistic in F. 


PSW(38) set 


Set ‘program 
interrupt’ trigger. 


‘Save signs' 
micro-order (see 
Diagram 5-201). 


2nd Operand 
Charistic (Long) 


2nd Operand 
Sign (Long . 
Operands) 2nd Operand Sign 
(Short Operands) 
_——_ 


Sign to STAT C 
(See Diagram 5-201) 


-64, or -1 Gates 
(2's Complement) 


To STAT D 
(See Diagram 5-201) 


A. 


oa 

RE s 
12 15 0 

14 15 0 7 


00 0 
01 ] 
10 2 
1 3 


Select M1, M2 
Bits per E(14, 15) 


E(14,15) | M1, M2 
00 0 1 
2 3 

4 5 

6 7 


01 
10 
" 


TPP Developed in AB(6-67). 


Final Product in AB(8-63). 


B. Fraction Data Path. 


Diagram 5-210. Floating-Point Multiply Data Paths 


2nd Operand 
Charistic (Short) 


Charistic Add Carry | 


Multiplier 
= 
RS 
31 
16 23 
24 31 


lst Operand 
Ist Operand Charistic 


Sign 


Sign to STAT F 
(See Diagram 
5-201) 


Notes: 


In 2065 floating-point multiply operations, roles of 

Ist and 2nd operands are reversed from roles defined in 
System/360 Principles of Operation, SRL, Form A22-6821-6 
That is, 2nd operand is multiplicand and Ist operand 

is multiplier. (Interchanging operand roles does not 

affect product. Result, however, still replaces Ist 
operand .)} 


1. 


Charistic 
Sum 


. For an RX instruction with normalized Ist 
operand, the Ist operand charistic and sign 
are in S or T and the 2nd operand charistic 
and sign are inA. 


0 7 
= 
F RF 
0 id 
1 ae 


Sign and Characteristic Data Paths. 


Multiplicand 


Multiple 
Bit 
Selection 


Multiple Selection Decoding 
OX DT, 1X DT, -1XDT, 2X DT 


63 


(True, Complement, or L1 Shift) 


PAL 


Partial and 
Fina! Products 


L2 Shift Decoder . 


65 


7201-02 FEMDM (7/70) 5-210 


Set interrupt code 


triggers and force 


Diagram 5-9 Diagram 5-6 @ RR instruction: MER 


Vv v 
a ee ee 
RX I-Fetch. ~ RR I-Fetch. OO gle i 


@ Purpose: Multiply 2nd operand 
(in FPR, per R2) by Ist operand 
(in FPR, per R1) and place 
normalized product into Ist 
operand location (in FPR, 
No per RI and R1 + 1). 


iis Specification 


check 


‘Save Ist 
operand in A. 


@ RX instruction: ME 


[x [e[*[e[ =| 


° 78 112 15 16 20 3 


@ Purpose: Multiply 2nd operand 


Place constant a 
Diagram 5-22 ° (in storage) by Ist operand 
Logon) into multiply counter. (in FPRS par BU) and place 


Program 


normalized product into Ist 
operand location (in FPR, 


interruption. per Rl and R1 + 1). 


lst operand 
normalized 


Fetch 2nd operand Fetch 2nd operand 
and place into D. and place into T. 


Save signs in STAT's 
and add charistics. 


Specification 
check 


Begin multiply 
algorithm. Gate 
Ist PP to AB per 

selected multiple. 


“Place Ist and 2nd 
operands into S and 
D, respectively. 


Set interrupt code 
triggers and force 
end op. 


Save signs in STAT's. 
Add charistics. 
Place constant into 
multiply counter. 


2nd 
operand need 
normalizing 


No 


Diagram 5-22 


Program 
interruption. 


Restore constant 
in multiplier counter, 


Ist Unnormalized Ist Unnormalized 
2nd Normalized 2nd Unnormalized 


Ist Normalized 
2nd Unnormalized 


Ist Normalized — 
2nd Normalized 


Ist 
and/or 2nd operand 
normalized 


Normalize 2nd operand. Normalize Ist operand. Normalize 2nd operand. 


No Yes 


Restore Ist CY) 


Subtract 64 


ae Store true zero. 
from charistic. 


operand to S. 


Multiply fractions. 


Normalize product, 
if necessary. 


Store result into FPR - 
per Rl and RI +1. 


Overflow or 
underflow 


Set ‘program 
interrupt’ trigger 
or store true zero. 


Diagram 5-211. Floating-Point Multiply, Short Operands (Sheet 1 of 4) 


5-211,Sh1 (7/70) 


QqT011 


RX |-Fetch. 


QG011 


No Specification 


check 


Transfer Ist operand 
sign, charistic, and 
fraction from T to A. 


This transfer is necessary for 
charistic addition and to save signs. 


Place constant 15 into E 
(12-15) and 4 into STC. 


Number of repetitive operations 


necessary to multiply fractions. 


Ist operand 
normalized 


[ Objective: 
| Fetch 2nd operand 
and place into T. 
| No Yes 


Fetch sign, 
charistic, and 
fraction of 2nd 
operand and place 
into T[SDBO(0-31)] . 


Fetch 2nd operand 
from main storage 
and place into_T 


[SDBO(32-63)] « 


r------ 


from A to D. 


QT001 
RR I-Fetch. 
No Yes 


Specification 
check 


Set interrupt code 


triggers and force 


end op. 


Objectives: 


Transfer fraction of 2nd 


Save signs. Ist operand 1. Place 2nd operand into D. 
sign to STAT F; 2nd 


operand sign to STAT C. 


operand from T to D. 


2. Place Ist operand into S. 


Program 


QC031 3. Save signs in STAT's. 


4. Add charistics. 
Reset B and T. 

5. Gate count (15) to multiply 
Add charistics. Save counter [E(12-15)]. 
carry in STAT D 


| 
| 
| 
| 
| 
| 
| 
l [SAL(0) to STAT D] . 
| 
| 
| 
| 
| 
| 
| 


and fraction of 
Ist operand from 
FPR and place into S. 


Place constant 15 into | Number of repetitive 


operations necessary 
}. te multiply fractions. 


E(12-15). Reset STC. 


| 
| 
| 
| 
Fetch sign, charistic, | 
| 
| 
| 
| 
| 


Sheet 3 
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No 


Transfer 2nd operand 


Diagram 5-22 


interruption. 


Set interrupt code 


triggers and force 
end op. 


° 


Program 
interruption. 


Fetch 2nd operand from 
main storage and place 


into AB (64 bits). 


Reset T and STC. 


Ist operand is in S. 
2nd operand is in 
AandD. 


Place constant 


15 into E(12-15). 


Sheet 3 


Vv 6 


See Note lon Diagram 5-210. 


@ RX Format: ME 


© Purpose: Multiply 2nd operand 
(in storage) by Ist operand 
(in FPR, per R1) and place 
normalized product into Ist 
operand location (in FPR, 
per RI and RI + 1). 


® Conditions at start of execution: 
1. Ist 16 bits of instruction are in E. 
2. Ist operand is in S and T. 
3. Effective address of 2nd operand is in D. 
4. 2nd operand is in main storage. 


@ RR Format: MER 


@ Purpose: Multiply 2nd operand (in FPR, 
per R2) by Ist operand (in FPR, per R1) 
and place normalized product into Ist 
operand location (in FPR, per RI and R1 + 1). 


e@ Conditions at start of execution: 
1. Instruction is in E. 
2. Ist operand is in A, B, and D 
(24-bit fraction only). 
3. 2nd operand is in S$ and T. 


————— —---—-~—-----4 


Objective: 


Fetch 2nd operand 
and place into D. 


Ist operand is in S. 
2nd operand is in 
B, A, and D. 


Transfer 2nd operand 
from B to A and D. 


Save signs. Ist operand 
sign to STAT C; 2nd 
operand sign to STAT F. 


Save signs in STAT's. 
(See Diagram 5-201.) 


Add charistics. Save 
carry in STAT_D [SAL 
(0) to STAT D]. 


Objective: 


Select multiple per E 
(12-15) and S bits. 
Subtract 1 from E(12-15). 


Begin multiply algorithm. | 
Gate 1st PP to AB per 
selected multiple. | 


Gate multiple 
to AB (R4 shift). 


Branch test is made 
1 cycle before 
branching. Multiply 
algorithm assumes 
that 2nd operand is 
normalized. 


2nd 
operand needs 
normalizing 


Yes 


Sheet 4 


Because multiply will 
not be completed 
right away, constant 


is restored to E(12-15). 


7201-02 FEMDM (7/70) 5-211, Sh 2 


Sheet 2 Sheet 2 


Ist Normalized Ist Normalized 
2nd Normalized 2nd Unnormalized 


Ist Unnormalized Ist Unnormalized 
2nd Normalized 2nd Unnormalized 


Ist and/ 
or 2nd operand 
normalized 


A 


Objective: ~ | 


Normalize 2nd 
operand. 


Objective: Objective: 


Normalize 2nd Normalize Ist operand. 


operand. 


Shift 2nd operand 
fraction in DT L4 
and place into DT. 


Shift 2nd operand 
fraction in DT L4 
and place into DT. 


Transfer Ist operand 
from S to B. 


Subtract 1 from 
charistic sum. 


Subtract 1 from 
charistic sum. 


a ee ey CN 


Result 4 0 
and Fraction 
Normalized 


Result # 0 and Fraction 
Not Normalized 


Result 4 0 and 
Fraction Not Normalized 


Branch on 
result = 0 and fraction 
normalized 


Branch on 
result = 0 and fraction 
normalized 


Result # 0 and 
Fraction Normalized 


Result = 0 


é , 
| Y 


Sheet 4 


Save contents of T 
in LSWR (0's 
for short operands). 


Ist operand is in 


Sand A. 
2nd operand is in D. 


ae areas! tera aes 


Shift fraction of Ist 
operand L4 and 
place intoA. Reset B. 


Objective: 


Store true zero. 


Store O's into FPR 
per E(8-11) + 1. 


Subtract 1 from 
charistic sum, 


Store 0's into FPR 
per E(8-11). 


A(8-i1) =0 
(fraction 
normalized) 


No 


Fe tee TS eee eel 


Shift fraction in AB 
L4. Place fraction 
into AB and Jow-order 
fraction into T. 


O's ore stored 
into FPR on short 
operand instructions . 


Store low-order 
fraction into FPR 
per E(8~11). 


Store low-order 

fraction into FPR 

per E(8-11). Subtract | from 
> charistic sum. 


Result # 0 and 
Fraction Not 
Normalized 


Result # Oand 
Fraction Normalized 


Branch on 
result = 0 and fraction 
normalized 


O's are in FPR 
and S for short. 
operand instructions. 


Transfer low-order 
fraction of Ist 

operand (normalized) 
from FPR per E(8-11) to S. 


Result = 0 


aa pe 


Objective: 
G | Restore Ist operand to S. | 


arte ere oe 


Transfer fraction of 
Ist operand from A 


Normalized 
multiplicand 
is placed into S. 


Transfer fraction of | 
Ist operand from FPR 


to FPR per E(8-11) 
(via PAL and T). 


to S per E(8-11), 


| 
| 
| 
Reset AB . Reset T. | 
| 
| 
| 


Sheet 4 
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Sheet 2 


Sheet 3 


Subtract 64 from 


charistic¢ sum, 


Subtract 64 from 
charistic sum. 


Objective: 
Multiply fractions. 


Select multiple 
per £(12-15) and S 
1. Place constant F (hex) bits. Subtract 1 
into E(12-15). from E(12-15). 


2. Using value in £(2-15), select 
2 multiplier bits from S. (See 
Table on Diagram 5-210.) 


3. Using value of MI, M2 (multiplier 
bits), in conjunction with 'TX' trigger, 
gate correct multiple value of 
multiplicand to PAA. See Table 

on this page. 


Reduce E(12-15) by 1. 


Determine, by count in E(12-15), 
whether all bits of multiplier 
fraction have been used to select 
multiple. If not, repeat steps 2-4. 


6. After decoding last S bit, check 'TX' 
trigger. If set, one additional 
‘multiply cycle is necessary. 


Steps of multiply algorithm: Reset AB. 


Shift AB(6-67) L2 
to PAB(4-65). 


Add multipte to 
AB and shift R4. 
Transfer PP to 
AB(4-67). 


Select multiple 
per E(12-15) and S$ 
bits. Subtract I 
from E(12-15). 


Shift AB(4-67) L2 
to PAB(4~65) . 


Add multiple to 
AB and-shift sum 

R4 to PAL. Transfer 
PP to AB(4-67). 


Select multiple per 
E(12-15) and S$ bits. 
Subtract 1 from 


E(12-15). 


Shift AB(4~67) L2 


to PAB(4-65). 


Add multiple to AB 
and shift sum R4 to 
PAL. Transfer PP 
to AB(4-67). 


Select last multiple 
per E(12-15), S bits, 
and 'TX' trigger. 


Shift AB(4-67) L2 
to PAB(4-65) . 


QCc031 


‘TX 
trigger 
set 


‘Yes 


Add PP (AB) to 


Shift AB £2. 
multiplicand (DT) . 


. ; an nr 


Transfer product 


from PAL to DT 
and AB. 


Note: See Note 1 on Diagram 5-210. 


Diagram 5-211. Floating-Point Multiply, Short Operands (Sheet 4 of 4) 


Restores charistic 
sum to excess 64, 


A(8-11) 40 
(fraction 
normalized) 


Objective: 


Normalize 
product. 


Shift product fraction 
L4 and place into DT. 


Subtract 1 from 
charistic sum . 


Transfer low-order 
fraction of product 
from T to FPR per 


E(6-11) +1. 


| 


Objective: 


Store result into 


FPR per RI. 


Insert sign on LS bus, 
transfer charistic from 
F to T(32-39), and 
transfer high-order 
fraction from D to 


T(40-63). 


Store sign, charistic, 
ond high-order 
fraction into FPR per 


ee 


Overflow or 
underflow 


liters. 


bjective: 


Set ‘program interrupt' 
| trigger or store true zero. 


_ 


No 


Set ‘program 
interrupt’ trigger . 


Store 0's into 
LS per E(-11) 
and E(8-11) + 1. 


Portial product shifted R2. 


Multiplicand added to PP and result shifted 
F XI 
R2. : 
Multiplicand shifted L2 and added to PP; x2 
result shifted R2. ; 
X3 


2's complement of multiplicand added to 


partial product, 'TX' trigger set, and result (X -1 
shifted R2. and 'TX') 


Multiplicand added to PP and result shifted 
X1 
R2. 
Multiplicand shifted L2 and added to PP; x2 
result shifted R2. ; 


X3 
{X -1 
and 'TX') 


2's complement of multiplicand added to PP, 
'TX' trigger set, and result shifted R2. 


x0 


Partial product shifted R2 and 'TX' trigger set 
and ‘TX' 


7201-02 FEMDM (7/70) 5-211, Sh4 


3 Vv 4 v 5. Vv 6 


Diagram 5-9 


Vv 
RX I-Fetch. 


@ RR instruction: MOR 


Specification 


78 tz 5 
check 0 


@ Purpose: Multiply 2nd operand 
(in FPR, per R2 and R2 + 1) 
by Ist operand (in FPR, per RI 


and R1 + 1) and place normalized 
product into Ist operand location. 


Set interrupt code 


triggers and force No 
end op. 


Place Ist operand 


into AB. 
cpsless Yes : @ RX instruction: MD 
Diagram 5-22 Specification 
ee 
Program . 
0 78 V 12 15 16 19 20 31 


interruption. 


Set interrupt code 


@ Purpose: Multiply 2nd operand 
(in storage) by Ist operand 

B end'op. (in FPR, per Rl and R1 + 1) 

and place normalized product 

into Ist operand location. 


No triggers and force 


Diagram 5-22 


Program 


Ist operand No 


normalized 


interruption. 


Fetch 2nd operand 
and place into 
ST and DT. 


Fetch 2nd operand 
and place into DT. 


Save signs in 
STAT's and 
add charistics. 


Save signs in 
STAT's and 
add charistics. 


Begin multiply 
algorithm. Gate 
Ist PP to AB per 

selected multiple. 


Place low-order 
fraction of Ist 
operand into S. 


and 
operand needs 
normalizing 


No 


Place constant 


into E(12-15). 


Ist Normalized 
2nd Unnormalized 


Ist Normalized 


Ist Unnormalized ; Ist Unnormalized 
2nd Normalized 


2nd Normalized 2nd Unnormalized 


Ist and 
2nd operand 
normalized 


Prenormalize 
2nd operand. 


Prenormalize 
2nd operand. 


Prenormalize 
Ist operand. 


Store true zero. 


Restore operands to 
their proper registers. 


Correct charistic 
sum for excess 64. 


Normalize product. 


Multiply 2nd operand 
fraction by low-order 
fraction of Ist operand. 
Transfer PP to AB. 


Store product 


into FPR per RI. 
and RI +1. 


Exponent 
overflow or: 
underflow 


Multiply 2nd No 
operand fraction 
by high-order 
fraction of Ist 
operand. Add 
result to PP in AB 
and place into AB 
G and DT. 


Yes 


Store Q's into FPR per 
Rl and RI + 1. 


Diagram 5-212. Floating-Point Multiply, Long Operands (Sheet 1 of 4) 
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2 Vv 3 Vv 4 Vv 5 v 6 


@ See Note ] on Diagram 5-210. 


QT011 e@ RX Format: MD 


RX 1-Fetch . @ Purpose: Multiply 2nd operand 
{in storage) by Ist operand . 


(in FPR, per R1 and R1 ~ 1) 
and place normalized product 
into Ist operand location. 


eae ae eae eee eee eae ee ee QGoll 
ae eter ~7 


@ Conditions at start of execution: 

. Ist 16 bits of instruction are in E. 

. 32 bits of Ist operand are in S and T. 
Low-~order fraction of Ist operand is in LS. 
. Effective address of 2nd operand is in D. 

. 2nd operand is in main storage. 


Specification 


1. Place Ist operand into AB. 
check 


2. Fetch 2nd operand and 
place into ST and DT. Transfer sign, 


ONRWN—- 


charistic, and . Yes 
high-order fraction 
of Ist operand 


from T toA, Set interrupt code 
triggers ond force @ RR Format: MDR 
ote Pe [a a 
Q 78 1 12 15 
Fetch low-order e Purpose: Multiply 2nd operand 
fraction of Ist Di 5-22 (in FPR, per R2 and R2 + 1) by 
operand from FPR 1egTOM. 35 Ist operand (in FPR, per RI and 


per E(8-11) +1 
and place into S. 


c R1 + 1) and place normalized 
Program product into Ist operand 
interruption. location. 


@ Conditions at start of execution: 
1. Instruction is in E. 


Place constant 2. 32 bits of Ist operand are in A, B and D (24-bit fraction only). 
15 into E(12-15) 3. 32 bits of 2nd operand are in S and T. ; 
and 4 into STC. 4. Low-order fractions of Ist and 2nd operands are in LS. 
5. STC =4. 
Objectives: “| 


Ist operand Yes 


normalized 


1. Fetch 2nd operand | 


| | and place into DT. | 
Transfer low-order Reset STC. | Fetch 2nd operand 2. Save signs. 
fraction of Ist from main storage Seth, | 
operand from $ to B. | | and place into AB. 3. Add charistics. | 
Fetch 2nd operand | 
from main storage | | 
and place into ST. 7 = 
Save signs. Ist Add charistics. Save | 
| | : operand sign to carry in STAT D 
STAT C; 2nd operand [SAL(0) to STAT Dj. 
| | sign to STAT F. | 
Transfer high-order Ist operand is in AB, 
fraction of 2nd 2nd operand is in | 
operand from S$ to D. ST and DT. | 
Transfer 2nd operand Ist operand is in S and T. Low-order 
| fraction from AB to DT. fraction is in S, and sign, charistic, 
—=.—— | and high-order fraction are in T. 2nd 


operand is in AB and DT. 


Objective: “] 
Begin multiply. | 


Select Ist multiple 
per E(12-15) and S 
bits. Subtract | 


QT001 from E(42-15). 


RR I-Fetch. 


Begins multiply algorithm. Ist 
PP to AB per selected multiple. 
Not necessary to reset AB. 


Gate Ist multiple 
to AB (R4 shift). 


| 

. | 

| | 
| 

| 


Specification 
check 


| Branch test is made 1 cycle 
Set interrupt code 2nd Y before branching. Multiply 
triggers and force operand needs ss | algorithm assumes that 2nd 
end op. sabe Sans Boies geen wr a normalizing " operand is normalized. 


Objectives: 


1, Fetch 2nd operand | ; No 
and place in DT. 


Diagram 5-22 


Program 


Save signs. Ist 
operand sign to STAT F; 
2nd operand sign to 
STAT C, 


Transfer high-order 
fraction of 2nd 
operand from T to D, 


Place constant 15 


2. Save signs. 


into: E(12-15). 


3. Add charistics. 


interruption. 


4, Place low-order 
fraction of Ist 
operand in S. 


Sheet 4 Sheet 3 


Add charistics and gate 
sum to F. Save carry 
in STAT D [SAL() to 
STAT D]. 


Fetch low-order 
fraction of 2nd 

operand from FPR 
and place into T. 


Fetch low-order 
fraction of Ist 

operand from FPR 
and place into S. 


Place constant 15 into 


E(12-15). Reset STC. 


Sheet 3 
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2 Vv 3 Vv 4 Vv 5 v 6 


Sheet 2 Sheet 2 


Ist Unnormalized Ist Unnormalized 
2nd Normalized 2nd Unnormalized 


Ist Normalized Ist Normalized 


2nd Normalized 2nd Unnormalized Ist and or 


2nd operand 
normalized 


leseeches 


| Prenormalize 
2nd operand. 


Deniers: 


Prenormalize 
lst operand. 


Prenormalize 
2nd operand. 


Shift 2nd operand 
fraction in DT L4 
and place into DT. 


Shift 2nd operand 
fraction in DT L4 
ond place into DT. 


Transfer low-order 
fraction of Ist 
operand or Ist operand 
from S to B. 


Subtract 1 from 
charistic sum. 


Subtract 1 from 
charistic sum. 


Result #0 ond 
Fraction 
Normalized 


Result 4 0 and Fraction 
Not Normalized 


Branch 
on result = 0 
and fraction 
normalized 


Branch 
on result = 0 
and fraction 
normalized 


Result # 0 and Fraction 


Result = 0 Not Normalized 


Result 4 0 and Fraction Normalized Result = 0 


1st operand is in S, A, and B. : 
_2nd operand is in DT and LSWR. 


Save contents of T 
in LSWR (low-order’ 
fraction of 2nd operand), 


Shift fraction of Ist 
operand L4 and place 

into AB. Place shifted 
low-order fraction into T. 


[ Objective: “| 


Store true zero. 


Store 0's into FPR 
per E(8-11) +1. 


Subtract 1 from 
charistic. 


per E(8-11). 


‘A (8-11) #0 
(fraction 
normalized) 


| | 
| | 
| | 
| | 
| Store 0's into FPR | 
| | 
| | 
| 

| | 
| 


Shift fraction in AB Decoy eee ee _| 
-L4. Place fraction 


is jem mien is into AB and low-order 
ae ; fraction into T. 
Objective: nm 
Restore operands to 
their proper registers. 


Store low-order 
fraction into FPR 
per E(-11). 


Store low-order 
fraction into FPR 
per E(8-11). 


Subtract 1 from 
charistic sum . 


Result 4 0 and 
Fraction Not 
Normalized 


Result # 0 and 
Fraction 
Normalized 


Branch 
on result = 0 
and fraction 
normalized 


Result = 0 


Low-order fraction 
Transfer low-order is in LS and S. 
fraction of Ist 

operand (normalized) 


from FPR to S per E(8-11). 


Transfer high-order 
fraction of Ist 
operand from A 

to FPR per E(8-11) 
(via PAL and T). 


Transfer low-order 
fraction in LSWR to 
T (2nd operand), 


Sheet 4 
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Sheet 2 Sheet 3 


--- ap 


Objective: 


QC031 


A(8-11) £0 
(fraction 
normalized) 


Yes 


Correct charistic 
sum for excess 64. 3 Subtract 64 from 


Subtract 64 from 


charistic sum. 


charistic sum, 


| 
| 
| 
Ee et ee ee eee erg See ee ee 


; Objective: 7 


Normalize os 


[ Objective: 
Multiply 2nd operand fraction 
Select 2nd multiple by low-order fraction of Ist Reset AB. 
per E(12-15) and $ operand. Transfer PP to AB. 


Shift product 
fraction L4 
and place into DT. 


bits. Subtract 1 
from E(12-15). 


Shift AB(6-67) 
L2 to PAB(4-65), 


Subtract 1 from 
charistic sum. 


Add multiple to 
AB and shift R4. 
Transfer PP to 
AB( 4-67). 


eevee ee ere 


Objective: 


Store product into FPR 
per RI and RI + 1. 


Select 3rd multiple Peer Select Ist multiple 
per E(12-15) and chia ; per E(12-15) and S 
S bits. Subtract multiply algorithm, bits. Subtract 1 

1 from E(12-15). from £(12-15). 


Transfer low-order 
fraction of product 
from T to FPR per 

E(@-11) +1, 


Insert sign on 
LS bus, transfer 
charistic from 
F to T(32-39), 
and transfer 
high-order 
fraction from 


D to T(40-63). 


Shift AB(4-67) 
L2 to PAB(4-65). 


Add multiple to AB 
‘and shift sum R4 to 
PAL. Transfer PP 
to AB(4-67). 


Store sign, charistic, 
and high-order 
fraction into FPR 

per E(8-11). 


Select multiple per 
E(12-15) and $ bits. 
Subtract 1 from 
E(12-15). 


ee ee he ee 


= 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


eee es ee ae a 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
fe 


ap eee es en al QC051 


Overflow or 
_ underflow 


E(12~15) = 0001 


Transfer high-order 
fraction of Ist 
operand in FPR to 
S per E(8-11). 


No (Overflow) Yes 


(ae eee 


bjective: 


Multiply 2nd operand fraction by high-order fraction of Ist operand. 
Add result to PP in AB and place in AB and DT. 


Shift AB(4-67) L2 


| Steps of multiply algorithm: to PAB(4-65). 


No 


Sét ‘program 
interrupt’ trigger. 


1. Place constant F (hex) 
into E(12-15). 


Store 0's into 
FPR per E(8-11) 


2. Using value in E(12-15), select 
2 multiplier bits from S. (See 
table in Diagram 5-210.) 


Add multiple to AB 
and shift sum R4 to 
PAL. Transfer PP 

to AB(4-67). 


and E(8-11) +1. 


3. Using value of M1, M2 (multiplier bits), 
in conjunction with 'TX' trigger, gate 
correct multiple value of multiplicand 
to PAA. See table on this page . 


Shift AB(4-67) L2 
to PAB(4-65).. 


Select multiple per 
E(32-15)'and S bits. 
Subtract 1 from 

E(42-15). 


4. Reduce E(12-15) by 1. 


Add multiple to AB 
and shift sum R4 to 
PAL. Transfer PP 
to AB(4-67). 


5. Determine, by count in E(12-15), 
whether all bits of multiplier fraction 
have been used to select multiplicand 
multiple. If not, repeat steps 2-4. 


6. After decoding last S bit, check 'TX' 
trigger. If 'TX:' trigger is set, one 
additional multiply cycle is necessary. E(12-15) = 0100 

Select last multiple 

per E(12-15), S bits, 


.and 'TX' trigger. 


Partial } Partial productshifted R2. | shifted R2. 


Multiplicand added to PP and result XI 
shifted R2. 

Multiplicand shifted L2 and added to 

PP, result shifted R2. 


2's complement of multiplicand added 
to partial product, 'TX' trigger set, 
and result shifted R2. 


Multiplicand added to PP and result X1 
shifted R2. 

Multiplicand shifted L2 and added to 

PP, result shifted R2. 


2's complement of multiplicand added 
to PP, 'TX' trigger set, and result 
shifted R2. 


Shift AB(4-67) L2 


to PAB(4-65) . 


QC031 


'Tx' 
trigger 
set 


Yes No 


Add PP (AB) to 


multiplicand (DT), Shift AB L2. 


Transfer product 


from PAL to DT 
and AB. 


Partial product shifted R2 and 'TX' 
trigger set. 


Note: See Note 1 on Diagram 5-210. 
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Quotient Charistic 


0 Divisor Charistic 32 Divisor Charistic 0 
(Long Operands) (Short Operands) if 


Sign to STAT F 
(See Diagram 
> 5-201) 
Sign to STAT C 

(See Diagram 5-201) Complement or 
True Gates 


-64, -1, or +] Gates 


2 Charistic 
To STAT D Difference 
(See Diagram 5-201 
0 
A. Sign and’Characteristic Data Paths 
Dividend 
Divisor 4 67 
4 6 67 
0 23 | 32 63 4 6 67 
Divide Multiple Selection Decoder . 
DTLO, DTLI, DTCLO, DTCLI Shift LO or L2 Decoder — 
| pvoto | | pvptt 


= Mult a Mult 
Carry Sel Carry Sel 

No DTLO No DTLI 
Yes DTCLO | Yes DTCL1 


DT = DT-Register 


C = 2's Complement 4 67 
LO = No Shift ; 
L1 =LI Shift Remainder 
Quotient 
78 15 16 | 23 24 31 : Divide Constant 
> ee 
To LS Per 
G E(8-11) 
0 aA 
SAB 
[ = Quotient Bit 
> oe Decoding 0 
SAL 


| pvoro | DVDLI 0 
0 7 


E(14, 15) E(14,15) | SAL ood 
i é ‘ . 

} Order of Quotient Insertion Place PQ Byte in S Per STC When E = sein , 

in SAL Per E(14, 15) All 8 Bits Are Present ‘ aes 


0 7 


0 7 


> B. Fraction Data Path 


Diagram 5-213. Floating-Point Divide Data Paths 


5-213 (7/70) 


2 Vv 3 Vv 4 
RX 1-Fetch, RR |-Fetch. 


Specification 
check 


Specification 


check 


Gate Ist operand 
from T to A. 


Set interrupt code 
triggers and 
force end op. 


Diagram 5-22 


Program 
' interruption. 


Fetch 2nd operand 
(RX) and place 
into D. 


Subtract Ist operand 
charistic from 2nd 
operand charistic. 


Save signs in STAT’s. 


Adjust charistic 
difference 
to excess 64. 


Ist Unnormalized Ist Normalized 


2nd Unnormalized 2nd Unnormalized Ist and/ 


or 2nd operand 
normalized 


Prenormalize 2nd 
operand (divisor), 


Suppress division. 


Ist operand 
normalized 


If Ist operand is 
greater than 2nd 
operand, make 

2nd operand larger. 


Charistic 
overflow or 
underflow 


No 


Store true zero. 
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Store positive zero. 


v 


Divide dividend 
fraction by 
divisor fraction. 


Store quotient into 
FPR per RI. 


e@ RR instruction: DER 
0 78 1112 15 


e Purpose: Divide Ist operand. (in FPR, per R1) 
by 2nd operand (in FPR, per R2) and place 
normalized quotient into Ist operand location. 


@ RX instruction: DE 


ae oa ae 


8 iW 12 15 16 19 20 3 


e Purpose: Divide Ist operand (in FPR, per R1) 
by 2nd operand (in storoge) and place normalized 
quotient into Ist operand location. 


Ist Unnormalized Ist Normalized 
2nd Normalized 2nd Normalized 


Prenormalize 1st 
operand (dividend), 


- Dividend =0 


7201-02 FEMDM (7/70) 


5-214, Sh 1 


2 Vv 3 Vv 4 v 5 Vv 6 


QT011 QqT001 


[7 [e[@[el = | 


RX |-Fetch, RR |-Fetch, 0 78 Ni i2 15 16 19 20 Ey 


e Purpose: Divide Ist operand (in FPR, per R1) 
by 2nd operand (in storage) and place normalized 
QG001 QC041 quotient into Ist operand location. 


e Conditions at start of execution: 
1. Ist 16 bits of instruction are in E. 
2. Ist operand is in S and T. 
3. Effective address of 2nd operand is in D. 
4. 2nd operand is in main storage. 


Specification 


check 


Specification 


check 


Set interrupt code 
triggers and 
force end op. 


Diagram 5~22 


Program 
interruption. 


e RR Format: DER 


[= [ale] 


ie) 78 VW O12 15 


@ Purpose: Divide Ist operand (in FPR, per R1) 
by 2nd operand (in FPR, per R2) and place 
normalized quotient into Ist operand location. 


e Conditions at start of execution: 
1. Instruction is in E. 
2. st operand is in A, B, and D (24-bit fraction only). 
3. 2nd operand is in S and T. 
4. STC =4. 


Gate Ist operand 
from T to A. 


Set STC to 4, | Selects charistic, 
T(32-39), when 


\ subtracting charistics. 


| Objective: : “| 


Fetch 2nd operand and place into D. 


Fetch 2nd operand 
from SDBO(0-31) 
and place into T. 


Fetch 2nd operand 
from SDBO(32-63) 
and place into T. 


QC041 


Transfer 2nd | 
operand fraction | 


from T toD. 


Objectives: 


1. Subtract Ist operand 
charistic from 2nd 
operand charistic. 


2. Save signs in STAT's. 


Ist operand 


Subtract charistics. ee 
charistic is 


S SAL(O : 
ee AT ne subtracted from 


2nd operand 
charistic . 


3. Adjust charistics. 


operand in STAT F, 
sign of 2nd operand 
in STAT C. 


Adjust charistic 
to excess 64, 
After subtraction, 
the charistic 
difference is 
excess 128. 


Subtract 64 from 
charistic difference . 


7 
| 
| 
| 
| 
| 
| 

cas | | 

Save signs; sign of Ist | 
| 
| 
| 
| 
| 
| 
| 
| 

—I 


Ua NS ata eee ey hg eee he a 


Reset ABC, 


T, and B. 
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Sheet 2 


QC04] 


Ist Unnormali zed Ist Normalized 
2nd Unnormali zed 2nd Unnormalized 


Ist Unnormalized Tst Norm 
Ist and/ 
or 2nd operand 
normalized 


Prenormalize 2nd operand. 


Shift ist operand 
fraction in ABL4 
and place into AB. 


Shift 2nd operand 
fraction in DT L4 
and place into DT. 


Add 1 to 
charistic difference. 


Subtract 1 from 
charistic difference. 


A(8-11) = 0 


Result # 0 and 


Fraction Normalized 


Result 4 0 and Fraction 
Not Normalized 


Branch on 
result = 0 and fraction 
normalized 


Shift Ist operand 
fraction in ABL4 
and place into AB. 


Result = 0 


Add ‘I to 
charistic difference. 


Fouacaue: 


| Suppress division. 


Reset F. 


Divide-check 
condition (dividend 
| divided by 0). 
Suppress divide 
operation. 


Result # 0 and Fraction 
Not Normalized 


Result # 0 and 
Fraction Normalized 


Branch on 
result = 0 and fraction 
normalized 


Set ‘divide check 
condition’ trigger. 


Result = 0 


| Objective: 
| Store positive zero. 


Store 0's into FPR 
per E(8-11) + 1. 


True zero result (0 


divided by divisor), 


Store 0's into FPR 
per E(8-11). 


If Ist operand is greater than 
2nd operand, make 2nd operand Subtract 2nd operand 
larger. fraction from Ist 
operand fraction and 
place difference 

into AB. 


Subtract to 


| 

| Se eA BS es os ee ees 

| [ <oueaiae | 
| 

| 


| Ist operand (di 
is greater than 


Qc051 
Qc041 


Place 2's complement 
of F into F and into 
(0-7). 


Place constant 


5 into E(12-15). 


lst operand 
greater than 2nd 
operand [PAL(4) 
carry] 


Restore Ist operand 
to original value 


(add AB to DT). 


Divides dividend 
| by 16. Add 1 to 
charistic to 

| compensate 
for shift. 


’ Shift Ist operand R4 
to make divisor 
greater than dividend. 


Add 1 to charistic 
and place into F 
and into S(0-7). 
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determine whether 


operand (divisor). 


alized 


2nd Normalized 2nd Normalized 


vidend) 
2nd 
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Shift DT L1 and add 


to AB shifted L2. Steps of divide algorithm: 


Set ABC to 1. 


1. ABC keeps track of number 
Set STC to 1. 


Select divide multiple Select multiple for next machine cycle. 


(LO) per PAL(4) carry. 


Charistic 

overflow or under~ 

flow [SAL(1) = 
] 


No 


Transfer AB to PAL 
and odd or subtract 
OT (LO) per selected 
divide multiple . 


| Partial remainder is placed into AB(4-67). 


Charistic 
underflow and PSW 
(38) = 1 


1st quotient bit to F(O). If A(4) = 
0, quotient bit is}. If A(4) =1, 
quotient bit is 0 per DVD(L1). 


Transfer quotient bit 
to F via SAL per A(4). 


No 


os | 


| Store true zero, 


Qc051 Reset STAT D. 
| Set ‘overflow 
underflow’ trigger, 


Select divide multiple determines 
next addition or subtraction. _ 
Also gates quotient bit to SAL 
per A(4) and E(12-15). 


Select divide multiple 
(LI) per PAL(4) carry. 


per E(8-11). 


Store 0's into FPR 


per E(8-11) + 1. 


Shift AB L2 and 

add or subtract DT : 

L1 per selected Transfer AB to PAL 
divide multiple. and add or subtract 

DT (LO) per PAL(4); 

transfer carry to AB. 


| 
| 
| 
| 
Store 0's into FPR | 
| 
| 
| 


Transfer quotient bit 
to F via SAL per A(4), 


Transfer quotient bit 
to F via SAL per A(4), 


Add 1 to E(12-15), 


, ; Reset ABC. 


Select divide multiple 
(L1) per PAL(4) carry. 


Select divide multiple 
(LO) per PAL(4) carry. 


ABC = 3 indicates 
F contains 1 
byte of PQ. 


Transfer AB to PAL Yes 
and add or subtract 
, DT (LO) per PAL(4); 
transfer carry to AB. 
Shift AB L2 and add 
or subtract DT L1 
per selected divide 
multiple and transfer 
Transfer quotient bit result to AB. [- = — Objective: ~ 


to F.via SAL per A(4), 


Store quotient into | 
FPR per R1. 


Store low-order 
fraction of 2nd 
operand into LSWR. 


Transfer quotient bit 
to SAL(7), and F 
to SAL(0-7). 


Add 1 to ABC. 


Select divide multiple 
(L1) per PAL(4) carry, 


Transfer quotient 
byte to S per STC. 


Add 1 to STC, | 
Add 1 to E(12-15). | 


Select divide multiple 
(LO) per PAL(4) carry. 


Place sign on LS bus 
and store quotient 
into FPR per E(8-11). 


Ue eae a eas eek ea ee 


Select divide multiple 
(LO) per PAL(4) carry, 


End op. 
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Objective: 
Divide dividend fraction by divisor fraction. 


1. Shift dividend L2 and gate to parallel adder. 

2. Shift divisor L! and add to dividend shifted L2. 
of PQ bits-in F. 3. If result of steps 1 and 2 is in true form, a O-quotient 

2. STC gates PQ into S. bit is developed; if result is in complement form, a 
}-quotient bit is developed. 

4, If result of steps 1 and 2 is in true form, 2's complement 
of divisor is added to dividend (no shift occurs); if result 
is in complement form, true divisor is added to dividend. 


5. Quotient bit is developed as in step 3. 


6. Operation is repeated until entire quotient is developed. 


eee carne ens ce em ere ee ee ee ee ee ee 


Objective: 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
a 
] 


4 
| 


Perform last divide algorithm. | 


Shift AB L2 and add or 
subtract DT (L3) per 
selected divide 
multiple and transfer 
result to AB. 


Transfer quotient bit 
to SAL(7), and F 
to SAL(0-7). 


Transfer quotient 
byte to S per STC, 


Reset STC, 


Add 1 to E(12-15). 


e@ RR instruction: DDR 


| >| et | | 
Diagram 5-6 


Diagram 5-9 
0 78 12 15 


Vv Vv 
RX 1-Fetch. RR I-Fetch. e Purpose: Divide Ist operand (in FPR, per RI and RI + 1) 


by 2nd operand (in FPR, per R2 and R2 + 1) and place 
normalized quotient into Ist operand location. 


e@ RX instruction: DD 


[© [s[@]e| = 
0 7 


8 Wy 12 15 16 19 20 31 


Specification 
check 


Specification 
check 
e Purpose: Divide Ist operand (in FPR, per RI and RI + 1) 
ce ta cet ee ae isles 
operand into AB. operand into AB. q P . 


Fetch 2nd operand Set interrupt code Fetch 2nd operand 
and place into DT. triggers and and place into DT. 


force end op. 


Subtract charistics 
and save signs 


in STAT's. 


Subtract charistics 
and save signs 


in STAT's. 


Diagram 5-22. 


Program 
interruption. 


Ist Unnormalized Ist Normalized 


Ist Unnormalized . Ist Normalized 
2nd Unnormalized 2nd Unnormalized 


2nd Normalized 2nd Normalized 


Prenormalize Ist 
operand (dividend). 


Dividend =0 


Ist and/ 
or 2nd operand 
normalized 


Prenormalize 2nd 
operand (divisor). 


Yes 


Suppress division. 


Ist operand 
normalized 


Store true zero. 


If dividend (1st operand) 
fraction is greater than 
divisor (2nd operand) 
fraction, reduce 

divisor fraction by 
shifting R4 and adding 

1 to charistic. 


Start divide algorithm. 


Charistic 
overflow or 
underflow 


Perform divide 
algorithm to derive 
1 byte of quotient. 


Perform divide 
algorithm for last 
2 bits of each byte. 


High-order 
half of dividend 
divided 


Store true zero. 


Accumulate bytes 
of quotient in S 

and update counter 
for next byte. 


Perform last 
divide*algorithm 
of divisor inS. 


Start divide 
algorithm 
for next byte. 


Store last byte of 
this half of quotient 
and update counters. 


Has divide been 
performed for both 
high- and low-order, 
fractions 
aad Store high-order 
into FPR per half of quotient 
RI +1. into LS per R1. 


Prepare to start 
divide for low-order 
half of divisor. 
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QT011 
| icgron 5-9 


RX [-Fetch. 


QG001 


Specification Yes 


check 


No 


aiid 


fama 


Place Ist operand into AB. 


Transfer sign, 
charistic, and high~ 
order fraction of Ist 
operand from T to A. 


Transfer low-order 
fraction of Ist 
operand from FPR per 
E(8-11) +1 to T. 


Transfer low-order 
fraction of Ist 
operand from T to B. 


Le ce a 


| 
| 
| 
a 


[ oueciias 


| Fetch 2nd operand and 
| place into DT. 


Reset ABC. 
| Set STAT G. 


Fetch 2nd operand 
from main storage 


E | and place into ST. 


Transfer high-order 
fraction of 2nd 
operand from S to D. 


SS —_———————— 


ee eee aera 


[ Oviectives ~ 


Subtract charistics and 
| save signs in STAT's. 


: | 
en lee a ens ae, eee is 


Subtract charistics. 
Save SAL(0) in 
STAT D. 


Save signs; sign of 
Ist operand in STAT 


F, sign of 2nd 
operand in STAT C. 


Subtract 64 from 
charistic difference. 


| Reset STAT G, 


i ace a 


Set interrupt code 


triggers and 
force end op. 


Diagram 5-22 


Program 
interruption. 


necessary because 
divide uses portion 
of add microprogram, 


rc) 


O 
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STAT G indicates divide 


v 


4 
QT001 


QC041 


Yes Specification 


check 


----- 


Objectives: 


place into DT. 


Transfer high-order 
fraction of 2nd 
operand from T to D. 


Transfer low-order 
fraction of Ist 
operand from FPR per 
E(8-11) + 1 to T. 


Subtract charistics. 
Save SAL(0) in 
STAT D, 


Save signs; sign of 

Ist operand in STAT 
F, sign of 2nd . 
operand in STAT C. 


Subtract 64 from 
charistic difference. 


Transfer low-order 
fraction of Ist 
operand from T to B. 


Transfer low-order 
fraction of 2nd 

operand from FPR per 
E(12-15) + 1 to T. 


Reset ABC. 


ee 


1. Place Ist operand into AB. 


2. Fetch 2nd operand and 


3. Subtract charistics. 


4. Save signs in STAT's. 


@ RX Format: DD 


a ce a 


0 78 Wiz 1516 920 3 
@ Purpose: Divide Ist operand (in FPR, per R1 

and RI + 1) by 2nd operand (in storage) and place 

normalized quotient into Ist operand location. 


e Conditions at start of execution: 
1. Ist 16 bits of instruction are in E. 
2. 32 bits of Ist operand are in S and T. 
3. Low-order fraction of Ist operand is in LS. 
. 4. Effective address of 2nd operand is in D. 
5. 2nd operand is in main storage. 


e RR Format: DDR 


e Purpose: Divide Ist operand (in FPR, per R1 and 
R1 + 1) by 2nd operand (in FPR, per R2 and R2 + 1) 
and place normalized quotient into Ist operand location. 


e Conditions at start of execution: 
1. Instruction is in E. 
2. 32 bits of Ist operand are in A, B, and D(24-bit fraction only). 
3. 32 bits of 2nd operand are in S and T. 
4. Low-order fractions of Ist and 2nd operands are in LS. 
§. STC =-4. 


ae ett 


Ist operand charistic is subtracted 


from 2nd operand charistic. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
4 
| 
| 
| 
| 
| 
| 


Adjust charistic to excess 64. 
After subtraction, the charistic 


4 
| 
| difference is excess 128. 
| 
| 
| 
| 
| 
| 
| 
| 
| 


ee | 
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Qc041 
Ist Unnormalized Ist Normalized 


Ist Unnormalized Ist Normalized 
2nd Unnormalized 2nd Unnormalized 


Ist and — 2nd Normalized 2nd Normolized 
or 2nd operand 


normalized 


Objective: 


r Prenormalize Ist operand. 


“Shift Ist operand 
fraction in AB L4 
and place into AB. 


Prenormalize 2nd operand. 


Shift 2nd operand 
fraction in DT L4 
and place into DT. 


Add 1 to 
charistic difference . 


Subtract | from 
charistic difference. 


A(8-11) #0 


Shift Ist operand 
fraction in AB L4 


and place into AB. 


Result 4 0 and 
Fraction Not 
Normalized 


Result # 0 and 


Fraction Normalized 


Branch on 
result = 0 and fraction 
normalized 


Add 1 to 
charistic difference. 


Result = 0 


[ Osjective: 


| Suppress division. 


Divide-check 
condition (dividend 
| divided by 0). 
Suppress divide 
operation, 


Result # 0 and 
Fraction Not 
Normalized 


Result 4.0 and 
Fraction Normalized 


Branch on 
result = 0 and fraction 
normalized 


Set ‘divide check 
condition’ trigger. 


Result = 0 


Objective: 


True zero result (0 


Store true zero. | 


divided by divisor), 


Store 0's into FPR 
per E(8-11) +1. 


| (eee Ga = ee 


Objective: 


If dividend (Ist operand) fraction is greater | 
than divisor (2nd operand) fraction, reduce : | 


Store 0's into 


FPR per E(8-11). divisor fraction by shifting R4 and adding 


1 to charistic. 


Subtract to determine whether 
Ist operand (dividend) is greater 
than 2nd operand (divisor). 


Subtract 2nd operand 
fraction from Ist 
operand fraction and 
place difference 

into AB. 


” Qc051 . a QCc041 


Place 2's complement | 
of F into F and into | 


S(0-7). 


Place constant 5 


into E(12-15). 


Ist operand 


and into S(0-7). 


Yes greater than 2nd No 
> operand [ PAL(4) 
- carry] l 
Restore Ist operand 
to original value | 
(add AB to DT). | 
Shift Ist operand R4 Divides dividend by 16. | 
to make divisor Add 1 to charistic to 
greater than dividend. compensate for shift. | 
Add 1 to charistic 
> ond place into F | 
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Objective: | 


Start divide algorithm. | 


Shift DT L1 and 


add to AB shifted L2 Begins Ist cycle of divide algorithm, 


Add 1 to ABC. 
Add 1 to STC. 


1. 


ABC = 3 indicates F 
contains 1 byte of PQ. 
2. STC gates PQ into S. 


Select divide Select multiple for next machine cycle, 
multiple (LO) per 


PAL(4) carry. 


Charistic 
overflow or underflow 


[SAL(1)=1] 


Charistic 
underflow and PSW 
(38) =1 


é [oS "Objectives =i 


Perform divide algorithm to 
derive one byte of quotient. 


Store true zero. Qc051 
Transfer AB to PAL . s : , 

Part -67). 
Balad cocebiace artial remainder is placed into AB(4-67) 
DT (LO) per selected 
divide multiple . 


Set ‘overflow 
underflow’ trigger. 


FPR per E(8-11). 


Transfer quotient 
bit to F via 


| 
| 
| 
| 
| SAL per A(4), 


Transfer Ist quotient bit to F(0). If 
A(4) = 0, quotient bit is 1. If A(4) = 
1, quotient bit ts 0 per DVD(L1). 


Store 0's into FPR 
per E(8~11) +1. 


| Store O's into | 


Reset STAT D. 


Select divide multiple determines 
next addition or subtraction. 
Also gates quotient bit to SAL 

. per A(4) and &(12-15). 


Sheet 5 


S | 


Select divide multiple 


(L1) per PAL(4) carry , 


Shift AB L2 and 
add or subtract DT 
LI per selected 

divide multiple. 


Transfer quotient bit [ X% 
to F via SAL per A(4). Transfer AB to PAL * 
and add or subtract | Sheet 5 Me 
DT (LO) per PAL(4); Rey 
transfer carry to AB. | be) 
| Sheet 5 


Add 1 to E(12=15) 


ABC = 3 indicates 


Transfer quotient bit | 
to F via SAL per.A(4), | F contains 1 
byte of quotient. 
Add 1 to ABC, | 


Select divide multiple 
(LO) per PAL(4) carry, 


Select divide multiple 
(L1) per PAL(4) carry. 
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Transfer AB to PAL and 
odd or subtract DT (LO) 
per PAL(4); transfer 
carry to AB. 


Transfer quotient 
bit to F via 
SAL per A(4). 


Reset ABC. 


Select divide multiple 
(L1) per PAL(4) carry. 


oe en ae a wee ee 


Add 1 to ABC. 


ABC = 1. Prepare Reset F. 


F to receive PQ 
bits of next byte. 


foo ooo er er er re nr ar ee 


Store low-order 
fraction of quotient 


Store low-order 
half of quotient, 


into FPR per E(8-11) + 1 
(transfer from S to FPR 
via PAL and T). 


Perform divide algorithm for | 
last 2 bits of each byte. | 


Yes 


Shift, AB L2 and add 

or subtract DT (L1) 

per selected divide 

multiple and transfer 
_ result to AB. 


Transfer quotient 
bit to SAL(7), 
and F to SAL(0-7). 


Accumulate bytes of 
quotient in S and update 
counters for next byte. 


Transfer quotient 
byte to S per STC. 


Add 1 to STC, 


"Shift AB L2 and add 
or subtract DT (L1) 
per selected divide 
multiple and transfer 


1 
I 
| 
| 
I 
I 
| 
| 
| result to AB. 
| 
| 
| 
| 
| 
| 
| 
I 


Add 1 to E(12-15). 


Transfer quotient 
bit to SAL(7), 
and F to SAL(0-7). 


Objective: | 


Start divide algorithm | 
for next byte. 


Select divide multiple 
(LO) per PAL (4) carry. 


Transfer quotient 
byte to S per STC. 


Transfer AB to PAL 
and add or subtract 
DT (LO) per PAL(4); 
transfer carry ‘to AB. 


Transfer quotient bit 
to F via SAL per A(4). 


Store low-order 
fraction of 2nd 
operand into LSWR. 


Select divide multiple 
(L1) per PAL(4) carry, 


Select divide multiple 


(LO) per PAL(4) carry. 


Sheet 4 


Objective: 


Prepare to start divide for 
low-order half of divisor. 


PAL(4) carry indicates 
that remainder is in true 
(not complement) form . | 


No Yes 


PAL(4) 


carry 
Set STAT D. 


Transfer low-order 
fraction of 

2nd operand 
from LSWR to T. 


Subtract DT from AB 
and place remainder 
into AB. 


Add AB to DT and 
place remainder 
into AB. 


Sheet 4 
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Reset STC. 


Perform last divide 
algorithm of divisor in S. 


Store last byte of this half of 
quotient and update counters. 


Sere yarn ee eee 
idl ene 


Objective: 


~~ Objective: T 


If this is first pass, low-order 
half of dividend must be placed 
into T to complete divide operation. 


STAT D being set indicates that divide 
|| operation had been performed for both 
high~ and low-order fractions. 


Store high-order 
half of quotient . 


Place sign on LS 

bus, and store charistic 
and high-order 
fraction with sign into 
FPR per E(8-11). 


Begin algorithm to generate low- 
order fraction of long quotient . 


7201-02 FEMDM (7/70) 5-215,Sh5 


Set mark 
triggers 0-3. 


5-216 (7/70) 


Yes 


Set interrupt code 
triggers and force 


end op. 


Diagram 5-22 


Program 
interruption. 


STE (Short Operands) 


Set mark 
triggers 4-7. 


Set ‘program store 
compare' trigger. 


3 Vv 4 Vv 


| SDBI(32-63) and 


| SDBI(0-31) and 


QT0i11 
@ RX Format - Long Operands: STD 


: 
ee ee 


; 
Oo 
ND 


RX I-Fetch. 0 78 41 12 15 16 19 20 ET] 


e@ Purpose: Store Ist operand (in FPR, per RI 
and R1 + 1) into 2nd operand location (in storage). 


Q6001 


e@ Condition at start of execution: 

1. Ist 16 bits of instruction are in E. 
. High-order 32 bits of Ist.operand are in S and T. 
Low-order 32 bits of Ist operand are in LS. 
Storage request has been issued for 2nd operand 
per effective address in D. 


Specification 
check 2 
3 
4 


e@ RX Format - Short Operands: STE 


ee ce 


co) 78 W112 5 16 19 20 K?] 


e@ Purpose: Store Ist operand (in FPR, per R1) into 2nd operand 
location (in storage). 


e@ Conditions at start of execution: 
1, Ist 16 bits of instruction are in E. 
2. Ist operand is in S and T. 
3. Storage request has been issued for 2nd operand 
per effective address in D. 


STD (Long Operands) 


Effective address is 
computed during RX 
I-Fetch. PAL(61) is 
checked to determine 
which mark triggers 
are to be set. 


Operand will be 
transferred to 


Transfer FPR to T Set mark ; Indicates that a 
per E(8-11) +1. triggers 0-7. 64-bit operand 


is to be stored 


stored in specified in main storage. 


effective address. 


Operand will be 
transferred to 


stored in specified 
effective address. 


——;----—-—-—~—--———--- 


Subtract D from IC 
[placing I's in PAA 
(61-63)] , and shift 
R4 to PAL. 


Difference between D 
and IC must be 16 or 
greater. If less than 
16, on exceptional 

| condition exists and 
instructions are 

refetched. 


PAL (40-63) = 0 


Store operand per 
effective address. 


Qc051 


Diagram 5-216. Store, STE (70) — Short Operands; Store, STD (60) — Long Operands 


TOE-S (OL/L) WOW Z0-10ZL 


2 Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 
| 
Porc [ul aya fj 
QT031 ; 0 78 VW 12 18 16 19 20 3132 35 3 47 


Gate Ist operand . . Op Code: 
from SDBO to ST. 1. Add Decimal (AP) - FA, 
2. Subtract Decimal (SP) - FB. 
3. Compare Decimal (CP) - F9, 


Add L2 to IC and ; e Purpose: 

request 2nd operand. 1, Add Decimal, Subtract Decimal - Algebraically add 

Transfer D to STC. ; (subtract) 2nd operand (in storage) to (from) Ist operand 
{in storage) and place result into Ist operand location. 

2. Compare Decimal -:Algebraically compare Ist operand 
(in storage) with 2nd operand (in storage) and set CC 


Transfer L1 field from Save L] field in case : according to result. 


E(8-11) to F(0-3) | recomplementation 
: is necessary. 


@ Conditions at end of |-Fetch: 
- 1. Main storage request for doubleword containing low-order 
Qs001 byte of Ist operand (destination) has been issued per D, 
2. D contains low-order byte address (contents of GPR 
Set STAT F if Ist addressed by BI, + D1 + L1) of Ist operand. 
operand sign is 3. IC contains high-order byte address (contents of GPR 
minus (-). Yes addressed by B2, + D2) of 2nd operand. 


Add 
instruction 


No (Subtract or Compare) 


Set STAT C if : Set STAT C if 
2nd operand sign 2nd operand sign 
is plus (+). is minus (-), 


Set STAT E if Ist 
operand sign is invalid, 


STAT C was reset 
during I-Fetch, 
and is stil] reset 
when tested. 


Yes Compare 


instruction Set STAT E if 


2nd operand sign 
is invalid. 


Reduce D address 
by 8, Set STAT G. 


Load minus (-) 
into ST per STC. 


Load plus (+) 
into ST per STC. 


Set result sign to 
sign of Ist operand, 


Restore IC from LSWR 


Yes. and reset STAT G. 


No Yes 
Gate 2nd operand : : 
from SDBO to AB. Piegram: 3-902 Disoram 7-22 : 
; Set program interruption 
Complement add code 7 and ‘program 
Gate IC(21-23) 
to ABC, 


If no higher-priority 
interruption, execute 
program interruption 

(Diagram 5-22). 


Decimal Add Instruction 


Form of Result ¢ Form of Result 
Ist Operand Ist Operand 
2 2nd Operand < 2nd Operand 


Form of Ist Form of 2nd 
Operand to SAB Operand to SAA 


Result sign set to plus for zero result. 


*Result recomplemented and sign inverted. 


; Form of Result t Form of Result 
Form of Ist Form of 2nd Ist Operand Ist Operand 
Operand to SAB Operand to SAA > Ind Operand < 2nd Operand 


True 10's complement* 
Tie 


True 


Diagram 5-301. GIS for Decimal Add, Subtract, and Compare. 


(OL/L) 14S ‘zOE-s 


2 Vv 3 ° 8 4 Vv 5 Vv 6 Vv 7 = 8 Vv 


Diagram 5-301 


GIS 


(STAT C = STAT F). 


@ True add digits 
in sign byte. 


STC and L140, L2=0. 

STC and L1 #0, L240, ABC =0. 
STC or L1=0, L240, ABC =0. 
STC or L=0, L240, ABC #0, 
STC or L1=0, L2=0. 


MOOSE > 


Cc 


Exit 
conditions 


Yes A 


True add loop. 


Ist operand 


No (ABC = 0) 


Overflow test. 


oa 
Yes No 


— : 
Contains Ist Operand Address D RD : . P 
and Destination Address 0 23 E ae amis 
: F ORF F(0-3) Contains L1. Yes 
F(4~7) Records Number of 
0 7 | Times D is Decremented 


= = 
S RS T RT| Contains Ist Operand 
1132 63 and Final Result 


Restore initial 
destination address. 


Contains 2nd 
Operand 


Store plus (+) 
into destination, 


Invalid / Invalid 
Digit Digit 
Detection Detection 


Serial Adder Used for Addition of 
Operands One Byte at a Time 


Diagram 5-302. True Add Sequence for Decimal Add, Subtract, and Compare (Sheet 1 of 3) 


TUS ‘7OE-S (O0L/L) WANA 7Z0-107L 


r 
| 
| 
| 
| 


2 vV 


Diagram 5-301 


GIS 
(STAT C = STAT F). 


| Operand signs alike for 
| Add, unlike for Subtract 
and Compare. 


True Add Digits 
in Sign Byte 
(Q$001) 


Set STAT E if AB 
or ST digit is invalid. 


Add ST digit (true) to 
AB digit (true + 6). 


Gate resuft to 
ST (per STC). 


Set STATA. 


Set STAT H if carry 
| to next digit. 


Set mark trigger per 


. STC, Reduce LI, 
L2, ABC, and STC, 


Ses a ee ee ee 


| 
| 
| 
| 
| 
| 
| 
| 
L 


No (L1, L2, STC 
and ABC #0) 


Exit 
conditions 


lie Add Loop 
(QS001) 


Set STAT E if AB or 


ST digit(s) is invalid. 


Add ST byte (true to 
AB byte (true + 6), 


Gate result to 
ST (per STC). 


Result 
digit(s) =0 


No - 


Set STATA, 


Set mark trigger per 
STC, Reduce LI, 
L2, ABC, and STC. 


Diagram 5-302. True Add Sequence for Decimal Add, Subtract, and Compare (Sheet 2 of 3) 


A. $TCand L1 #0, L2=0, 

B. STCand L170, L240, ABC =0. 

C. STC Sr Ll =0, L240, ABC =0. 

D. STCorL1=0, L240, ABC 40, 

E, STCor ll =0, L2=0. 

A 
| 
| per IC, Reduce IC 
l address by 8, 
| 
| 
Os 
[~ 2nd Operand “| 


Runout (QS001) 


Clear AB and ABC. 


Add AB byte to ST 
byte and gate to 
ST. Set mark 
trigger. Reduce 
Ll and STC. 


Request 2nd operand 


2nd Operand “7 
Fetch | 
(QS001) 


cee 7 en 


Ist Operand 
Runout (QS011) 


| Cleor st. ST. 


r----- 


Check AB for nonzero 
digits one byte ata 

time. Reduce L2 and 
ABC, 


ABC =0 


Sheet 3 


be OF ee Ae ek ge 9 ene 


Ist Operand al 
Fetch (Qs001) —| 
No Yes (Compare) | 
Reduce D address by 8. Reduce D address by 8. | 
Request Ist operand | 
per D address. | 
Increment F by 1 to : | 
record that D has Gate Ist operand 
been decremented. from SDBO to ST, | 
a a sa ar ee ee eee ae 


©) = 


No 


ABC = 11) 


(OL/L) € US ‘ZOE-S 


End Op 
Sequence 


(QS011) 


Restore instruction 
address from LSWR 
to IC, 


Set ‘invalid data' 
or ‘overflow’ trigger, 
as applicable. 


If no higher-priority 
interruption, execute 
program interruption 
(Diagram 5-22). 


Set CC per 
hardware conditions. 


Diagram 5-302. True Add Sequence for Decimal Add, Subtract, and Compare (Sheet 3 of 3) 


[—- 
| Store Plus (+) 
into Destination 


(QS021) 


Place plus (+) 

. into ST per STC. 
Set mark trigger 
per STC. 

Issue storage 
request per D, 


v 6 Vv 
Sheet 2 


[~ 

| Overflow 
Test 

1 (Qsoit) 


: Clear AB and ABC. 
| Set STAT B if 
| decimal overflow. 


aS —_— —_— EAE em EA i cheated Steele —_ _) 
(QS011 
Yes (Compare No 


Restore Initial 
Destination Address 
| (asoit) 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
is 


No (Result = 0) 


Yes (Overflow) 


Set STC per D(21-23). 
Gate F(4-7) to 


parallel adder. 


Number 


of times D was 


reduced 


STAT B 


set 


No 


—-——-—-—-—-- —-—-—]-------4 


(OL/L) WAWAdA 7Z0-T0ZL 


T US “€0E-S 


2 v 3 Vv 4 Vv 5 v 6 v 7 v 8 v 9 
GIS 
(STAT C # STAT F). 
@ Complement add 
digits in sign byte. A. STC and L140, L2=0. 
B. STC and L140, L240, ABC=0. 


C. STC or L1=0, L240, ABC =0. 
D. STC or L1=0, L240, ABC #0. 
E. STCorl1=0, L2=0. 


Exit 
conditions 


Complement 
add loop. 


Yes (Recomplement) 


Overflow test. 


Need to 
recomplement 


Y Recomplement 
es sequence. 
Note: See Diagram 5-302 for Compare q 


general data path. 


Store plus (+) 
into destination 
(zero result). 


destination address. 


Diagram 5-303. Complement Add Sequence for Decimal Add, Subtract, and Compare (Sheet 1 of 3) 


(OL/L) 7 US ‘E0E-s 


2 Vv 3 Vv 4 Vv 5 v 6 v 7 v 8 v 9 
Operon an 
unlike for Add, 
GIS alike for Subtract 
(STAT C #STAT F). Grid Comeau, i 
A. STC and LI] #0, L2 =0. 
— ee Cw EO Le 4 B. STC andLl 40, L2 #0, ABC =0. 
Complement Add C. STC or LI = 0, L240, ABC =0. 
| enn Sign Byte D. STC or L} =0, L2 #0, ABC #0.. 
) E. STC or Ll =0, L2=0. 


Yes A B 


Exit 
conditions 


Set STAT E if AB 
or ST digit is invalid. 


Add ST digit (true) 
to AB digit 
(complement). 


Complement Add kaon @ 


(QS001) 


Set STAT E if AB 
or ST digit(s) 


Pond Operand Fetch 


Decimal correct. is invalid. | (QS001) 
Gate result to 
ST (per STC). | 
Add ST byte (true) | Bene art - Gipbreiid' Fetch 7 
to AB byte | : aad : ‘ " uce l (QS001) 
(complement). (2) | adaress by &. 
Yes (Compare) 
Decimal correct. : ; Gate 2nd operand (Compa 
Gate result to from SDBO to AB. 
Set STATA. ST pec STC. | 
= Reduce D 
————_—— address by 8. 


Sheet 3 >. 


Result 
digit(s) 
=0 


| 
| 
| 
; : | Reduce D 
) 
eee cea Coe eee ese : ee aan 
H e t Ist operan 
Runout (QS00?) [1 Opernd Runout “| | 
| 
| 


Set STAT H if carry 
to next digit. 


Set mark trigger per 
STC. Reduce LI, 
L2, ABC, and STC. : 


Clear ST byte 


Increment F by 1 
to record that D 
has been 

decremented. 


Set STAT D. 


Add AB byte (true) 
to ST byte 

(complement, all 1's) 
and gate’ to ST. 


Set mark trigger per 
STC. Reduce LI, 
L2, ABC, and STC. 


Gate Ist operand from 
SDBO to ST (and to 


AB if in recomp!ement 
sequence), 


Set mark trigger. 
Reduce L! and STC. 


Reduce L2 and ABC. 


Yes L2 or ABC 
ee 


ee ee ee eee ee ne i 


Wraparound of ABC 
initiated on same 

cycle that ABC =0 
was detected. 


| 
| 
| 
| 
| 
| 
l Reset STAT D. 
| \ 
| 
| 
| 
| 
| 


7 
| 
| 


‘i << 


Issue storage 
request per D 
tes _I No Yes 
et a ie ee ee ee No Yes 


t 3 
OK ~ 


Sheet 3 


| 
| 
| 
| 
| 
| 
| 
to 
ai fat Dine Wee de ee of 4 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Diagram 5-303. Complement Add Sequence for Decimal Add, Subtract, and Compare (Sheet 2 of 3) 


€4S‘EOE-S (OL/L) WANA Z0-T07L 


verflow Test 


QSs001) 
: Clear AB and ABC, 


| 
1 
| 
l 
\ 
l 
| 


from last 
digit 


Set STAT D to enter 
recomplement 
sequence. 


Yes (Compare 


| Restore Initial | 


Destination . 
Address (QS011) 


Set STC per D(21-23). 
Gate F(4-7) to 
parallel adder. 


Number 
of times D was 
reduced 


End op 


Sequence 
(QS011) Restore instruction 


address from LSWR 
to IC, 


[store Plus (+) 


| into Destination 


(QS011) 
Place plus (+) 
into ST per STC. 
Set mark trigger 
per STC, 
Issue storage 
- 


No 


STAT No (Zero Result) 


B set 


If no higher-priority 
interruption, execute 
program interruption 
(Diagram 5-22), 


Set ‘invalid data! or 
‘overflow' trigger 
as applicable. 


Set CC per 
hardware conditions. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
g 
| 
| 
| 
| 
| 
| 
| 
| 


Diagram 5-303. Complement Add Sequence for Decimal Add, Subtract, and Compare (Sheet 3 of 3) 


. | Recomplement . | 
ee a =a Sequence Issue D re 
quest to 
: | (Qs021) refetch destination. 


Set E(8-11) to 0000. 
Restore L1 count from 
F(0-3) to E(12-15). 


@ Yes No 


Reduce E(8-11) by 1 


to provide exit to 
recomplement in 
destination fetch. 


‘Set result sign 


" to algebraic sign 
Gate SDBO to AB. 1 of 2nd operand 
Clear ST. - (invert result sign). 


No Yes 


into ST per STC. 


Complement digit 
in sign byte and 
gate to ST. 


Set mark trigger. 
Reduce ABC, STC, 
and €(12-15). 


Complement next 
AB byte and gate 
to ST. 


Store ST per 
D address. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
Place minus (-) | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Sheet 2 


(OL/L) TUS ‘vOE-S 


g v | 3 Vv 4 Vv 5 Vv 6 v 7 v a: v 
, e SS format: 
= : | Pre TT To [ff ov oe [ff 02] 
0 78 W142 15 16 19 20 31:32 35 3% 47 


e@ Purpose: Place 2nd operand (in storage) into Ist operand 
location (in storage). 


No Word Yes 
overlap 


Process sign byte. Interruption. 


A. STC and LI 40, L2 =0. 
B. STC and LI 40, L2 40, ABC =0. 
C. STC or LI =0, L2 40, ABC =0. 
D. STC or LI =O, L2 £0, ABC #0. 
E. STC or LI =0, L2 =0. 


Exit 
conditions 


Overflow test. 


Yes 


Compare No 


Restore initial 
destination address. 


No (Zero Result) 


Store plus (+) 
into destination. 


Note: See Diagram 5-302 for 
general data path. 


Diagram 5-304. Zero and Add (Sheet 1 of 4) 


Zero and add loop. 
| Destination store. 


WANs CO-TOTL 


TUS ‘*POE-S (OL/L) 


General 
Initialization 

Gute Ist operand Sequence (QS031) 
from SDBO to ST. a 


Add L2 to IC and 
request 2nd operand. 
Transfer D to STC. 


Subtract D from IC. D contains: Coeur 
| IC contains: contents of GPR addressed 


by B2, +D2+L2, 


Subtract L2 from 2nd 
operand address. 


Subtract 
(GPR per B2, + D2) from 


(GPR per B1, + D1 +L1). 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
No Yes (Possible Word Overlap) | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


No (Word) 
Yes Overlap) 


| 
Gate SDBO to | 
AB. Set ABC | 

| 


per 1C(21-23). 


Rs a ae 


Sheet 3 


Diagram 5-304. Zero and Add (Sheet 2 of 4) 


e@ SS Format 


ee 
8 


0 7 VW 12 15 16 19 20 31:32 35 36 47 


e Purpose: Place 2nd operand (in storage) into Ist operand location 
(in storage). 


e Conditions at end of I+Fetch: 
1. Main storage request for doubleword containing low-order 
byte of Ist operand (destination) has been issued per D. 
2. D contains low-order byte address (contents of GPR addressed 
by BI, + D1 +L1) of Ist operand. 
3. IC contains high-order byte address (contents of GPR 
addressed by B2, + D2) of 2nd operand. 


Set ‘invalid data' 
trigger. 


Return instruction 
address to IC. 


execute program interruption 
(Diagram 5-22), 


Interruption 


(QS031) 


If no higher-priority interruption, 


(OL/L) € US ‘POE-S 


2 v 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 


A. STC and L140, L2=0. 

B. STCand L140, L240, ABC =0. 
C. STC or L1 =0, L240, ABC =0. 
D. STC or L1=0, L240, ABC 40. 
E. STCor L1=0, L2=0. 


Yes A B. Cc D E 


Issue D request Issue D request 
to store ST. to store ST. 


Exit 
conditions 


2nd Operand 
Fetch (QS031) | 


‘Sheet 2 ‘Zero and 
Add Loop 
(QS031) Request 2nd operand 


per IC. Reduce IC ~ 
address by 8, 


co ——e eee ee ee oe Gate AB byte per ABC Set STAT E if Yes 
Process Sign Byte “| to SAA(0-7); gate 0's 
(QS031) to SAB. Gate SAL to 
ST per STC. Gate 2nd operand Set STAT F if 
from SDBO to AB. STAT C is set. 


| 
| 
| 
digit(s) is invalid. | 
| 
| 


Set STAT E if sign or 
digit is invalid. 
igit is involi Sat mack trigget _ me ee ee ee ee 
per STC. i= 


2nd Operand | 
Runout (QS031) 


Gate AB byte (bits 0-3), 
per ABC, to SAA(0-3); 
gate correct sign to 


SAA(4-7); gate 0's to No 
SAB. Gate SAL to ST 


per STC. 


Tovertlow Test 
| (Qso11) 


Bight = 6 nd ABC. 


Clear ABa 


Set STAT F if 
STAT C is set. . 


Gate 0's to ST per STC. 
Set mark trigger. 
Reduce Lt? and STC. 


No Sign Yes 


negative 
Set STAT C. 


| 
| 
| 
| 
| 
! 
| 
| 


Request 2nd operand 


Reduce LI, L2, 
ABC, and STC. 
per IC. Reduce IC 


eas Cacia eats eee aera ee address by 8, 


Set STAT F if 
STAT C is set. 


Gate 2nd operand 
from SDBO to AB. 


es CoD No 


Set STATA, 


Clear ST. 


Check AB byte for 
nonzero digits. 

Reduce ABC and L2 
by 1 count. 


Set mark trigger : 
per STC, 

Reduce LI, L2, . 
ABC, and STC, 


- 
| 
| 
| 
| 
| 


Clear AB. 
Set STAT B if 
decimal overflow. 


Sheet 4 


Diagram 5-304. Zero and Add (Sheet 3 of 4) 


vuS‘pOE-S (OL/L) WOWAA 70-1072 


Yes (Compare) No 


No (Result = 0 


Piacceee ot Pe a EO cet Se ey 
—————————_——————_— Restore Initial ; 

lex Op | Destination Address 

I Sequence | (QS011) Set STC per D(21-23). 


| (QS011) Restore instruction 
address from LSWR 
to IC, 


Gate F(4-7) to 
parallel adder. 


Number 
of times D was 
reduced 


Add 16 to D address. Add 8 to D address. 


| 

| 

| 

| | 

er ed ee eee | 
| 

| 

| 


STAT No 


into Destination 


| (QS021) | 
Place plus (+) | 

into ST per STC. I 

| 

Set mark trigger | 

per STC. | 
Issue storage | 
request per D. l 


Set ‘invalid data’ or 
‘overflow’ trigger, 


| 
| 
| 
| 
| 
| 
| 
| 
| as applicable. 
| 
| 
| 
| 
| 
| 
| 
| 
| 


| If no higher-priority 
| interruption, execute 
J Program interruption 
(Diagram 5-22). 


Yes (Overflow) STAT B No (Zero Result) 


set 


Set CC per 
hardware conditions. 


Diagram 5-304. Zero and Add (Sheet 4 of 4) 


e SS Format: 


0 7 MW 12 15 16 19 20 313 35 3% 


e@ Purpose: Multiply Ist operand (in storage) by 2nd 
~ operand (in storage) and place result into Ist 
A SS I-Fetch. operand location. 


Basic multiply add 
or subtract sequence 
for left digit. 


GIS. 


Digit 
invalid 


Specification 


test. 


No Specification Yes 
valid 
Product 
byte store. 
i ee ae Partial product 
(interruption). jon shift to 
top digit, 
Multiplier Multiplicand 
left-adjust request. 
Sequence, 


Multiplier 
right-4 shift 
to drop sign. 


Multiplicand zero 
test and partial 
product store. 


Complete multi- 
plicand byte fetch. 


Sign 
D handling. 
Basic multiply add 
Remaining or subtract sequence 
multiplicand for right digit, and 
=0 shift right-4 sequence. 
Invalid -data 
> 


(interruption), 


A) Overall Flow Chart 


> } 
Contains Multiplicand Address 
and Final Product Address 


: em} Contains 2 Digits 
F RF] of Multiplicand 
Contains Partial Product 0 7 


F (Left-Adjusted) 


Contains Multiplier Address 


Contains Multiplier 
(Left-Adjusted) 


Controls 
Number of 
Additions or 
Subtractions 


Invalid Digit 
Detection 


Invalid Digit 
Detection 


Serial adder used. for 
addition or subtraction 
of multiplier from partial 


product, one byte at a time. 


Parallel adder used to 
manipulate data and 

to perform right=4 shifts . 
PAL is also used as an 
auxiliary register. 


B) General Data Path 


Diagram 5-305. Decimal Multiply (Sheet 1 of 7) 


5-305, Sh1 (7/70) 


Vv 
; pref tn | 2 | ot [J on] ee || 
3 


47 


ine: 


| SPECIFICATION 


——— eee 


Restore instruction address to IC and 
force interruption. 


SDBO to ST. 


Add L2 to IC and 


D to STC. 


from E(8-15) to 
F(0-7). 


QSs041 
No (Multiply) 


Gate multiplier 


Set ABC per 
IC(21-23). 


Set STAT F if multi- 
plicand (destination) 
sign is minus. 


Set STAT E if multi- 
plicand (destination) 


sign is invalid. to S, 


T (60-63) and gate 


Gate instruction 


address from S 
toIC. 


Set interrupt code 
triggers and 
force end op. 


Diagram 5-22 


Program 


interruption. 


Diagram 5-305. Decimal Multiply (Sheet 2 of 7) 


Gate Ist operand 
(multiplicand) from 


Diagram 5-14 


SS 1-Fetch. 


Request 2nd operand 
(multiplier). Transfer 


Transfer L] and L2 


Reduce IC by 8 to 
address next double - 
word of multiplier. 


from SDBO to AB. 


Transfer low-order 
multiplicand digit 
from ST to F(0-3). 


Transfer instruction 
address from LSWR 


Place E(12-15) into 


T complement to PAA. 


Yes 


» 4 


| E to Band then toF. 
| ABC set to 111 to 


| select B byte. 


| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


operation. 


GIS 
(QT031 and QS041) 


Objectives: 
1. Place multiplier into AB. 


2. Anitiate sign handling. 
3. Save low-order digit of multiplicand in F. 


Gate E(8-11) 
to PAB. 


Subtract 
L2 from LI. 


268 * 
and smaller 
than L1 


Yes 


Sheet 3 


Vv 5 Vv 


SS Format : 


ee 
a 


7 1112 15 16 1 20 31:32 35 3% 47 


Purpose: Multiply Ist operand (in storage) by 2nd 
operand (in storage) and place result into Ist operand location. 


Conditions at end of I-Fetch: 


1. 


Main storage request for doubleword containing 
low-order byte of Ist operand (multiplicand) has 
been issued per D. 


. D contains low-order byte address (contents of 


GPR addressed by BI, + D1 + L1) of Ist operand. 
IC contains high-order byte address (contents of 


GPR addressed by B2, + D2) of 2nd operand 


(multiplier). 


SPECIFICATION 
TEST (QS041) 


Objective: 


Verify that L2 is less than 8 
bytes and smaller than LI. 


7201-02 FEMDM (7/70) 5-305, Sh2 


| MULTIPLIER LEFT- ; | 
ADJUST SEQUENCE 


(QS041) Transfer instruction During left-adjust sequence, 
address from S$ to ; instruction address is held in 
Obiedtive: PAL, and hold. PAL by 'HOLD' micro-order. 
Fetch full multiplier from storage and transfer 
to ST. High-order multiplier digit must occupy 
leftmost byte (byte 0) in ST. ; 
Gate L2 from STC is set to where the right- 
E to STC. most byte of multiplier will be 
placed after left adjustment. 
Move multiplier 
sign byte from AB | Transfer performed 
to ST (per STC), via serial adder. 
Set STAT C if 
multiplier sign is 
minus. Set STAT E 
if multiplier sign or 
units digit is invalid. 


Yes 


Reduce L2, ABC, 
and STC by 1 count. 


Issue IC request for 
additional multiplier 
bytes. 


Reduce L2, ABC, and 
STC by 1} count. 


Gate instruction | Full multiplier has been 
address from PAL | fetched. Instruction address 
to IC. | is restored to IC. 


Stop CPU clock 
for two cycles, 
then gate multi- 
plier from SDBO 


Move next multiplier 
byte from AB to ST. 


to AS. 
Set STAT A if Set STAT E if 
multiplier digit(s) multiplier digit(s) 
is not zero. is invalid. 
E | _-—— ; | : MULTIPLIER RIGHT-4 SHIFT TO | 
, DROP SIGN (QS041 
aa | L2 in E(12-15) was oe (QS041) 
Add | to | reduced 1 below Soe een! multi- Objective: 
E(12-15). . Hi plier bytes from S to . 
pared . cae PAA and shift right 4. Shift multiplier right 4 to eliminate 
sign and transfer to AB. 


To perform correct 
| gating of L2 from 
FtoS. 


Hold PAL to save last 
high-order multiplier 
digit. 


| A(4-31) contains high- 
1 order multiplier digits 
| excluding last digit. 


Transfer shifted 
result from PAL 
to A. 


Gate F(4~7) to 
$(28-31) per 
STC. 


L2 RESTORATION (QS041) 
Objective: 


Transfer last high- 
order multiplier 
digit from PAL 
(64-67) to B(64-67). 


| B(64~67) serves as 
femporary storage 
| during right-4 shift. 


L2 count must be restored to E(12-15) before 
entering the multiply add or subtract loop. 


Add S(28~31) to $(28-31) contains 
E(12-15) (in | 2. £(12-15) is 
parallel adder). zero. 
Gate low-order muiti- Gate B(64-67) to 
plier bytes from T to PAB(28-31) and 
PAA and shift right 4. shift right 4. 
Gate L2 from PAL 
to E(12-15), 
Transfer shifted result 
from PAL to B. 
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No Yes (Multiplier # 0) 


Set STAT G to re- 
cord zero multi- 
plier condition. 


Place minus sign 
into F(4-7). 


Place plus sign 
into F(4-7). 


Set ABC and 
STC per L2, 


Cross-gate F 
| to SAL and 


gate SAL to F, 


Sheet 5,6 | 


Reset 
STAT G. 


Add AB byte (true) 
to ST byte (true) 

and place result 
into ST. 


Reduce ABC and 
STC by 1 count. 


Reduce ABC and 
STC by 1 count. 


Reduce multiplicand 
digit in F(4-7) by 1 


count. 


Set ABC and 
STC per L2. 


BASIC MULTIPLY 
ADD OR SUBTRACT 
SEQUENCE FOR 
LEFT DIGIT (QS041 
AND QS071) 


Digit in 
F(4-7) =1 


Objectives: 


1. If multiplicand digit is 4 or less, 
multiplier is added to partial 
product number of times spec- 
ified by multiplicand digit. 


2. If multiplicand digit is 5 or greater, 
multiplier is subtracted from partial 
product number of times speci- 
fied by 10 minus value of multi- 
plicand digit. 


3. If multiplicand digit is zero, no 
addition or subtraction cycles 


| are required. 


Sheet 5 


Diagram 5-305. Decimal Multiply (Sheet 4 of 7) 


Objective: 


Test STAT F and STAT C to 
establish sign of product. 


F 1 
Digit 4 Sign | ° 
0 3/4 7| 


LS 
\ 


F 


F. 
Digit | Sign 
0 314 7 


! 
Sign I Digit 


te} 314 7. 


Digit Is Digit Is Digit Is Digit is 5 
Invalid Zero ~ 4 or Less or Greater 
Set | Adds 1 to the next 
: r STAT D. | multiplicand 
Bah ety acl | (destination) digit . 
interrupt’ latch. If no —— 
higher-priority 
interruption, execute Place 0 into Place 0 into | To extend true number 
program interruption AB(64-67) . B(64-67) . [on subsequent right pecilarae 
; i 4 shift. 
es | = Set Generates hot carry to 
STAT H gate multiplier (source) 


digit 2's complement. 


To extend 10's 
complement on 

subsequent right 
4 shift. 


Place 9 into 


B(64-67) . 


Add AB byte (com- 
plement) to ST byte 
(true) and place 

result into ST. 


Reduce ABC and 
STC by 1 count. 


Reduce ABC and 
STC by 1} count. 


Generates hot * 
carry to next 
byte. 


Increase multi- 
plicand digit in 
F(4-7) by 1 count . 


To record | complete 
subtraction. 


Set ABC and 
STC per L2. 


To prepare for next 
subtraction. 


Digit 
in F(4-7) =9 


7201-02 FEMDM (7/70) 


5-305, Sh 4 


Sheet 4 


-——|—-———— 


Set D(21-23) | To designate product 
per STC, byte for store operation. 


Transfer low~order 
partial product 
digit from ST to 
F(4-7). 


To indicate that 1 
byte has been 


processed. 


Reduce LI by 
1 count. 


——— 


Transfer low-order 


half of partial prod- 
uct from T to LSWR. 


Gate S(0-31) to 
PAB(32-63) . 


Shift parallel adder 
right 4 to PAL(32-67), 


Gate B(64-67) 
to PAA(28-31), 


SHIFT TO DROP DIGIT (QS071) | 
Objective: 


Shift partial product right 4 (to drop 
. _ low-order digit) and place into ST.- 


B(64-67) was set to 
O if partial product is true, 
or to 9 if complement. 


PAL(32-35) is 
extended with « 
Oor9. 


PRODUCT BYTE STORE To'save low-order 
Issue D request to (QS071) | Gate PAL(64-67) | digit of partial 
store low-order to B(64~67), product from S. 
partial product ‘Objective: 


byte. 


Store low-order partial product 
byte into main storage. 


Hold PAL to save 
high-order partial 


2 h 
Cross~gate F throug product from S. 


serial adder and gate 
to ST per STC. 


No Yes (Invalid Digit or Sign) 
Set Mark trig- 
ger per STC, 
Sheet 4 


Selected ST byte 


| Original S contents 
excluding low-order 
| digit. 


partial product from 
PAL to T. 


Transfer low-order Original 


T contents. 


T 
Low-Order High-Order - 
31432 : 63 


| Sand T contents 
| must be interchanged. 
I 


partial product from 
LSWR to S. 


Yes (Multiplicand = 0) No 


Transfer high-order 
half of partial prod= 
uct from T to LSWR. 


Subtract 1 from 
multiplicand 
address in D. 


Place 0000 0001 


into F. 


Add F to D (com- 
plement) in par- 
allel adder. 


Gate S(0-31) to PAA 
(32-63) and B(64-67) 
to PAB(28-31), 


B contains original 
low-order digit 
from S. 


| 
4 
| 
| 
| 
_J 


Low-order digit 
from S inserted 
into T. 


Shift parallel adder 
right 4 to PAL. 


Complement result 


MULTIPLICAND REQUEST 


and gate to D. 
(QS$071) 


1. Reduce D address by 1 and 
request multiplicand from 
Request multiplicand storage. 


per D address. Gate PAL to T. 


2. Set STC to point at new 
multiplicand byte . 


Transfer high-order 
partial product from 
LSWR to S, 


"scmniiniatea is A —S ————— se 
wm —— a oe Ke cE er ce eee ee ee 


Set STC per 


D(21-23). 


| Transfer high-order 


- 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
= 
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Yes No 


No Yes 


Transfer low=order Temporarily vacate T 
to gate in new multi- 


plicand. 


Multiplier must be 
Reset STAT H. | added to partial prod- 
uct one more time. 


partial product from 
T to LSWR. 


MULTIPLICAND ZERO TEST 
AND PARTIAL PRODUCT 
STORE (QS081) 


Set ABC and 
STC per L2, 


No Yes 


Objective: 


All significant multiplicand digits have been 
processed ‘and partial product is stored as 
product into main storage. If LI field is not 
zero, the remaining multiplicand digits are 
tested for zero. 


Gate 
SDBO (32-63) 
to T. 


Gate 
SDBO(0-31) 
to T. 


Add AB byte (true) 
to ST byte (true) 
and place result 
into ST. 


Set STC to correct 
T byte by forcing 1 to 
STC(0). 


Transfer partial product 
from ST to AB. 


Set ABC per L2 
to select Ist 
partial product byte. 


Reduce ABC and 
STC by 1 count. 


Reduce ABC and 
STC by 1 count. 


Add 1 to digit in next 
multiplicand byte and 
gate to F, 


Gate next multi- 
plicand byte from 
ST to F, 


Remaining multi- 
| plicand digits. must 
be tested for zero. 


Gate multiplicand 


Request multiplicand 
per D address. 


from SDBO to ST. 


: ! 
Digit ; Digit 
0 7 


Set STAT E if 


| Designates first 
digit(s) is invalid. 


| multiplicand byte 
| for zero test. 


Set STC per 


Reset STAT G. 
D(21-23). 


Remaining multi- 
plicand in T is 
destroyed. 


Transfer low-order 


partial product 
from LSWR to T. 


| 
| 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Gate multiplicand 
byte from ST to 
serial adder and 
test for zero. 


COMPLETE MULTIPLICAND 


Set ABC and STC BYTE FETCH (QS071) 
per L2, 
Objective: 
No Gate 8 bytes of multi- : | 
-plicand from SDBO toT. 
Select next byte of multi- | 


plicand in T and transfer 


eee eeeneer 2 are aces 


Transfer partial prod~- 
uct byte from AB 
to ST. 


Reduce ABC, STC, 
and L] by 1 count. 


Set mark trig- 
ger per STC. 


Sheet 7 


Issue D request 
to store partial 
product. 


Reduce ABC, 
STC, and LI 
by | count. 


Reduce D address by 
8 and request addi- 
tional multiplicand. 


Gate SDBO 
to ST. 


—_—_— OO on ee eee ee ee we kn — an: ame’. ‘ei <s 
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| Digit = 10 or Greater Digit = 0 a Digit = 4 or Less Digit = 5 or Greater 
igit in . 
| SAL(4-7) 
Place 9 into Place 0 into Reset STAT's Set STAT's D 
| B(64-67). B(64~67). Dand H. and H, 
| Set STAT Place 0 into Place 9 into 
| D. B(64-67). B(64-67). 
| Transfer low-order Add AB byte (true) Add AB byte (com- 
partial product to ST byte (true) plement) to ST byte 
digit from ST to and place result (true) and place 
| F(4-7). into ST. result into ST. 
| No Yes 
Add 1 to next Reduce ABC and Reduce ABC and 
| digit in F-3), STC by 1 count. STC by 1 count, 
Jronefer Iew-orcer ‘Initiate ri Reduce ABC and Reduce ABC and 
tal produet Initiate right luce n ce an 
alee Peas A shift. STC by 1 count. STC by 1 count, 
| Decrease multi- G tes hot 
Gate S(0-31) to PAA z are enerates 
eves Ete plicand digit in Set STAT H . carry to next 
| to PAB(28-31), F(4-7) by 1 count. byte. 
| High-orde ial increase multi-- | T dicom= 
Shift parallel adder fee ee Pee Set ABC and li igit i heey ee 
: ‘ore : : plicand digit in ion. 
| right 4 to PAL(32-67). saree SESS STC per L2. F(4-7) by | count. plete subtraction 
| Transfer PAL(32-63) Set ABC and STC | To prepare for 
to T and PAL(64-67) per L2, next subtraction. 
| to B, : 
Transfer low-order Digit 
partial product from in F(4-7) 
LSWR to S. =9 
| Transfer high-order 
partial product from 
T to LSWR. 
oc a a a a ee BASIC MULTIPLY ADD OR SUBTRACT SEQUENCE FOR 
| If multiplier is zero, RIGHT DIGIT, AND SHIFT RIGHT 4 SEQUENCE (QS071 
Yes No (Multiplier # 0) -§ and T contents need AND QS081) 
| not be interchanged. 
Objectives: 
B contains original 1. If multiplicand digit is 4 or less, multiplier is added to partial product 
| Gly ate | low-order digit number of times specified by multiplicand digit. 
to PAB(28-31). hae etree aes 
2. If multiplicand digit is 5 or greater, multiplier is subtracted from partial 
product number of times specified by 10 minus value of muftiplicand 
| digit. ‘ 
3. If multiplicand digit is 0, no addition or subtraction cycles are required. 
Shift parallel adder “ 
| right 4 and gate PAL 4. After exit from add or subtract loop, low-order partial product digit is 
° (32-63) to T. saved in F(4=7) for subsequent store. Partial product in ST is shifted 
right 4 to drop low-order digit, and a branch is made to left-digit 
| sequence. 
| ) oe 
Transfer high-order High-Order Low~Order 
partial product from 31132 63 
LSWR to S. ; 
H . Sheet 4 
Diagram 5-305. Decimal Multiply (Sheet 7 of 7) 


5-305,Sh7 (7/70). 


: @ SS Format:. 
Diagram 5-14 


3 
a eae RC WC TN 


SS I-Fetch. 0 7 11 12 1516 19 20 31 32 35350047 


e@ Purpose: Divide Ist operand (in storage) 
by 2nd operand (in storage) and place 
result into Ist operand location (quotient 
is leftmost in Ist operand location; 
remainder is rightmost). 


GIS. . 


Specification 


test. 


Specification Yes 


valid 


Incorrect 


Divisor left- 


specification adiout sequence: 


(interruption). 


Dividend fetch and eelrntily 
left-adjust sequence. quotien 
sequence. 


Invalid 
data 


Assemble divisor 
in AB and divi- 
dend in ST. 


Restore LI and 
L2 toE. 


Next 
sequence 


Trial sub- 


traction. 


Right digit 
sequence, 


Left digit 
sequence, 


Remainder 
positive 


Correct low-order 
remainder byte. 


Initiate dividend 


left-4 shift. Interruption. 


More 
dividend 
required 


More 
dividend 
required 


Process quotient 
sign byte . 


Fetch next dividend 


byte and complete 
left-4 shift. 


Complete 
dividend 
left-4 shift , 


Store remainder. 


A) Overall Flow Chart 


Contains Dividend Address Contains Divisor 


and Quotient Address " IC Address 
aa | Designates =} C p . ais 
7 ontains Designates Divisor 
sTCc CS| Dividend F RF a tei 
0 2| Byte in ST 0 é Quotient Byte in AB 
¢) 7 


Contains Divisor 
(Left-Adjusted) 


Contains Dividend 
(Left-Adjusted) 


Parallet adder is used 

to manipulate data and 

to perform shift operations . 
PAL is also used as an 
auxiliary register. 


Invalid Digit 
Detection 


Invalid Digit 
Detection 


Serial adder is used 
for subtraction of 
divisor from dividend 
one byte at a time. 


B) General Data Path 


Diagram 5-306. Decimal Divide (Sheet 1 of 9) 
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5-306, Sh 1 


[ cis (QTO31 


AND QS041) 


Objectives: 


1. Place divisor into AB and set ABC 


to the low-order divisor byte. 
Save L1 and L2 inF. 


2. Test dividend sign for validity. 


Gate divisor from - 

SDBO to AB. 

Set. STAT E if 

dividend sign is 
‘invalid; set STAT 


| F if minus. 


Subtract LI from 

D to set adress of 
high-order byte. 

Reset STAT F. 


Gate L2 from 
E to STC. 


No 


Reduce IC by 8 to 
address next double- F | 
word of divisor. Ul | L2 


3 Vv 4 


Diagram 5-14 


SS i-Fetch. 


Gate Ist operand 
(dividend) from 
SDBO to ST. 


Add L2 to IC and 
request 2nd operand 
(divisor). Transfer 
D to STC. 


Transfer L! and £2 E to B and then 


| 
| toF. ABC set 
eae i | to 111 to select 
ys B byte. 


Diagram 5-305 


Multiply operation. 


STC set to where 
rightmost divisor 
byte is placed after 
left adjustment. 


Set STAT G to 
record that 

divisor is 5 bytes 
or greater. 


Transfer instruction 
address from LSWR 


to S. 


Sheet 3 


Diagram 5-306. Decimal Divide (Sheet 2 of 9) 


5-306, Sh2 (7/70) 


@ SS Format: 


eae as A 


DY) 7 i 12 15 16 “39 20 31:32 35 3% 47. 


e Purpose: Divide Ist operand (in storage) 


by 2nd operand (in storage) and place 
result into Ist operand location (quotient 
is leftmost in Ist operand location; 
remainder is rightmost). 


e@ Conditions at end of i-Fetch: 


1. Main storage request for doubleword 
containing low-order byte of Ist 
operand (dividend: has been issued per D. 


2. D contains low-order byte address 
(contents of GPR addressed by BI, 
+ D1 +L1) of Ist operand. 


3. IC contains high-order byte address 
(contents of GPR addressed by B2, 
+.D2) of 2nd operand (divisor). 


Sheet 2 


) 
fe ee _ 


Place E(12-15) + 1 


| into T(60-63) and Gate E(8-11) 
gate T complement to PAB. 

| to PAA. 

| SPECIFICATION TEST (QS041) L2 from L1. 


Objective:- 


Verify that divisor is less than 8 bytes 
and smaller than dividend. 


| 
| 
| 
sia | 
| 
| 


INCORRECT SPECIFICATION (QS041)f | 
Objective: 


Restore instruction address to 
IC and force interruption. 


| DIVISOR LEFT- | 


ADJUST SEQUENCE 


Transfer instruc- During left-adjust (QS041) 
tion address from sequence, instruc- 
S to PAL, and tion address is held Objective: 


hold. in PAL by ‘HOLD’ 


Gate instruction - 
. micro-order. 


address from S 
to IC. 


Fetch entire divisor 
from storage and 
transfer to ST. 
High-order divisor 

. : byte must occupy 
byte from tad _ Via serial adder. leftmost byte in ST. 
ABC) to ST (per 

STC). 


Move divisor sign i Transfer performed 


Set interrupt code 
triggers and force 
end op. 


Set STAT C if 
divisor sign is 
minus; set STAT 
E if invalid. 


Program 


interruption. 


(Divisor 
Fetch 
Yes Complete) 


Issue IC request 
for additional 
divisor bytes. 


address from PAL 
to IC. 


Gate divisor from 
SDBO to AB. 


112 restored to zero 
lto perform subsequent 


Add 1 to £2 count 
I branch on LI count. 


in E(12-15). 


Move next divisor 
byte from ABto ST, 


Set STAT E if 


divisor digit(s) 
is invalid. 


Set STAT A if 
divisor digit(s) 
is not zero. 


| Gate instruction 


S HO T LO 


| Divisor Divisor 
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DIVIDEND FETCH AND LEFT- 
ADJUST SEQUENCE (QS041 
AND QS051) 


Gate high-order 
divisor from S to 
PAA and shift 

right 4 to PAL. 


Hold PAL to save 
last high-order 
divisor digit. 


to A. 


Transfer last high- 
order divisor digit 
from PAL(64-67) 

to B(64-67). 


Gate low-order divisor 
from T to PAA and shift 
tight 4 to PAL. 


ender shifted 
divisor from 
PAL to T. 


Transfer shifted 
low-order divisor 
from T to LSWR. 


Request dividend 
per D address. 


Set STC to 000 to 
select leftmost 
byte in ST. 


Gate L1 from E(8-11) 
to PAB(60-63) and 
shift right 4 to PAL. 


Y 
PAL(4) = 0 = 


record that 


Transfer high-order 
divisor from A to 
PAL, and hold. 


Gate dividend from 
SDBO to AB and set 
ABC per D(21-23). 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Diagram 5-306. Decimal Divide (Sheet 4 of 9) 
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Transfer shifted 
divisor from PAL 


Gate B(64-67) to 
PAB(28-31) and 
shift right 4 to PAL. 


Set STAT D to 


dividend is less 
than 8 bytes. 


Objectives: 


Divisor is shifted right 4 and held in PAL and LSWR. Sufficient 
number of dividend bytes is fetched to perform trial subtraction 
(at most, two dividend fetches are required). Dividend bytes are 
placed into ST, where high-order byte occupies leftmost position. 
Original D address is restored to D to reflect quotient address. 


Gate dividend byte 
from AB (per ABC) 
to ST (per STC). 


This branch senses 
E(8-15). Because 


A(4-31) contains 
high-order divisor 
| digits excluding 

last digit. 


L2 is zero, test is 
for L1 only. 


Yes 


B(64-67) serves as 
temporary storage 
during right 4 shift. 


Reduce L1 by 1 count 
and increase ABC and 
STC by 1 count. 


Reduce L1 by 1 count 


and increase STC by 
1 count. 


Original low-order 
S digit has become 
high-order T digit. 


To free parallel! 
adder for D 


Transfer high-order 
divisor from PAL to A. 


Increase ABC 


by 1 count. : 
incrementing. 


Dividend in ST was 
| displaced by divisor 
and must be refetched. 


Increase D by 8 and 
request dividend per 
D address. 


Where high-order 
dividend byte 
will be placed. 


Restore D address 


Gate D to B. 


for subsequent 
quotient store. 


To place high-order 
L1 bit in PAL(64) for 
subsequent branch. 


Gate B to parallel 
adder and subtract 8. 


See eee 


Gate PAL to D. 


Transfer high-order 
divisor from A to PAL, 
and hold. 


Gate dividend from 
SDBO to AB. 


During dividend left 
adjust sequence, 
high-order divisor 

is held in PAL. 


Sheet 5 


—_—_———_———— nr nr ss on eee eee. 


Objective: 
Left adjustment of Ist and 2nd operands has 


destroyed original L1 and L2 counts in E. 
These counts are restored to E. 


Transfer L2 count 


B(64~67) . 


Cross~gate F 
through serial 
adder and gate 
to F. 


Transfer L1 count 
from F(4=7) to 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| E(12-15). 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Gate L2 from 
B(64-67) to 
PAB(64-67) . 


Gate L1] from 
E(12-15) to 
PAB(60-63) . 


Shift left 4 to 
PAL and gate 
PAL(56-63) to 
£(8-15). 


Sheet 6 


Diagram 5-306. Decimal Divide (Sheet 5 of 9) 


F(4-7) to PAB(60-63). 
from F(4-7) to Shift right 4 to PAL. 


| Gate PAL(64-67) to B. 


F(4~7) to PAB 
(60-63). Gate 
PAL(56-63) to 

E(8-15). 


(Divisor is 5 Bytes or Greater) 


oooo! u 
8 | 


E 
LI 
7\8 


1412 15 


1 2 
wh2 15 


Sheet 4 


Transfer high-order 
divisor from PAL 


to A. 


Transfer low-order 
dividend from T 
to B. 


Transfer high-order 
dividend from S toT. 


Transfer low-order 
divisor from LSWR to S4 


Transfer high-order 
dividend from T to 
LSWR. 


Transfer low-order 


dividend from B to T. 


Transfer low~order 
divisor from S to B. 


Transfer high-order 
dividend from LSWR 
to S. 


ASSEMBLE DIVISOR IN AB | 
AND DIVIDEND IN ST (QS051) 
Objectives: 


High-order divisor is transferred 
trom PAL to A. If divisor exceeds 
4 bytes (STAT G set), low-order 
divisor is in LSWR and must be 
transferred to B. 


A B 
HO LO 
Divisor Dividend 


HO 
Dividend 


Ss T 
LO HO 


Divisor Dividend 


> Lo 


Divisor 


) T 
LO LO 
Divisor Dividend 
A B 
HO | LO 
Divisor Divisor 


T 
: HO LO 


Dividend Dividend 
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Sheet 5 
[ret SUBTRACTION (QS051 
AND QS061) 
Objective: Set STAT H to 
generate hot 
Subtract divisor from dividend to verify carry for trial 


that quotient and remainder will fit into subtraction. 
destination field. 


Add AB byte (com- 
plement) to ST byte 
(true) and gate 

result to SAL, 


Set STAT A if 
result is not zero. 
Set STAT E if 
result is invalid. 


Reduce ABC and 


Reduce ABC and 
STC by 1 count. 


STC by I count; 


Yes No 


Carry 
from SAL(O 
Sheets 7, 8, 9 from SAL(0) 


[ uvterrvetion (QS061) vail | INTTATE DIVIDEND LEFT 4 SHIFT 7 


| Objective: | Objective: 


Set appropriate interrupt trigger to 
| force interruption. 


Shift high-order dividend 
portion left 4. 


Transfer high-order 


Reset 
T digit from T(32-35) 
STAT G. to B(64-67). 
No Yes 


Transfer low-order 
dividend from 
T to LSWR. 


Set ‘divide 
check’ trigger. 


Set ‘invalid 
data' trigger. 


Gate dividend 
digit from B(64-67) 
to PAB(64-67). 


Gate high-order 
dividend from S 
to PAA(32-63). 


Reset STAT G. 


Shift parallel 
adder left 4 
to PAL. 


Original high-order T 
digit becomes low-order 
S digit. 


Transfer low-order 
dividend from 
LSWR to S. 


Gate high-order 
dividend from 
PAL toT. 


Set appropriate interruption | 
code and ‘program interrupt’ | 
latch. If rio higher-priority | 
interruption, execute program 

interruption (Diagram 5-22). | 


| 
| 
! 
| 
| 
| 
| 
: 
| 
| 
! 
| 
| 
! 
| 
| 
| 
| 
| 
a 
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Sheet 6 


STAT D set if divi- 
dend is less than 8 


bytes. See dividend 


COMPLETE DIVIDEND LEFT 4 SHIFT (QS061) 
Objective: 


Sheet 8 | 
1 


greater than 8 bytes, 
low-order dividend 
byte in T is replaced 
by low-order partial 
remainder byte and 
must be corrected at 
later time (see Sheet 
8). 


Set STAT A if re~ 
sult is not zero. Set 
STAT E if result is 
invalid. 


Transfer low-order 
dividend from T 
to LSWR. 


Gate partial re~ 
mainder from SAL 
to ST (per STC). 


Set STC to correct T 
byte by forcing 1 to 
STC(0). 


Set STAT G to 


acter | 


See Note 3. 


Gate dividend j Next low-order byte saved 
byte from ST in F. Remaining bytes are 
(per STC) to F, foe and later refetched 

one ata time. 


ABC No 


Set ABC and 
STC per L2 


Reduce ABC and 
STC by 1 count. 


Restore low-order 
dividend from 
LSWR to T. 


Add .AB byte (com~ 
plement) to ST byte 
(true) and gate re- 
sult to ST. 


Add } to F to record 
one complete sub- 
traction. 


Gate D to parallel | Complete restoration 
adder, complement, | of quotient address 


and gate PAL to D. | to D. 


Gate LI from E(8-11) 
to PAB(60-63) and 


ITo place high-order 
IL1 digit in PAL(64) 
|for subsequent branch 


Carry 
from SAL(O) 


shift right 4 to PAL. 


No PAL(64) = 0 Yes 


Set STAT D to record 
that dividend is less 
than 8 bytes . 


| Additional dividend 
| fetch not required. 
| (see Sheet 8). 


After left 4 shift, 
T is extended with 
next low-order 
dividend digit. 


\y fetch and left adjust All dividend bytes have been fetched from storage . 
sequence (Sheet 4). Shift low-order dividend (in S) left 4, and swap S and T 
No Yes contents. | 
: FETCH NEXT DIVIDEND BYTE AND 
COMPLETE LEFT 4 SHIFT (QS061) 
Increase D address Transfer high-order 
by 8 oe dividend from T 
next dividend bytes . Objectives: to LSWR. 
Increment dividend address (in D) by 8 and obtain 8 
hosed bytes of dividend from main storage. Select required 
Transfer high-order | ee 4 dividend byte from SDBO and transfer to F. Select F is subsequently 
dividend from T I ba next digit from F(0-3) and insert as low-order digit Reduce LI by 1 used to record 
to LSWR. of dividend or partial remainder (as applicable) in count and clear F. number of sub- 
T. Transfer digit from F(4-7) to B(64-67) and save tractions . 
until next left 4 shift. 
Set STC per Sel orest = : 
D(21-23). enter left digit 
| sequence. | 
No Yes (Interruption) | No Yes (Interruption) | 
Sh Note 1: When this sequence is entered for the first Sheet 6 | 
Gate low-order eet 6 time (from entrance E), ST contains dividend. Gate lownorder lah a 
dividend from $ Thereafter (entrance J), ST contains partial dividend from $ [vf xox 
to PAA, shift remainder. Ss BAK. chive Complete dividend 
left 4 to PAL, and left 4 to PAL, | | left 4 shift. 
gate PAL toT. and gate PAL to T. | 
| 
| 
Transfer high-order : wat F is subsequently Transfer high-ord 
Hee Dividend left 4 Transfer digit from daar cane beott sheats 
dividend from LSWR shiti completed: F(4~7) to B(64~67) earn ainda dividend from LSWR 
to S. and clear F, | to S. 
tractions. 
Add D address (com- | Initiate restoration 
- plement) to 8 and of quotient address $ HO T Lo $ HO T LO 
gate result to D. to D. Dividend Dividend Dividend Dividend 
| (Shifted) (Shifted) (Shifted) (Shifted) | 
Reduce LI by 1 GENERATE QUOTIENT SEQUENCE | 
count. (QS061) 
Set ABC and 
STC per L2. 
Objectives: : : 
Transfer low-order ] Requested dividend Subtract entire divisor from high-order dividend 
dividend from T | bytes (@t SDBO) cre until no~carry condition results from SAL(0). This 
to LSWR. |placed into T. condition indicates that partial remainder has eas 
gone negative. Quotient digit is developed in Set STAT H to Transfer high-order | 
F(4-7) by incrementing F once for each complete generate hot dividend from S to | 
3 f b- See Note 2. 
subtraction. COETY. OF eM PAL, and hold 
tract sequence. 7 | 
Note 2: When this sequence is 
No Yes entered for the first 
time, ST contains 
dividend. Thereafter, 
ST will contain partial 
remainder. Add AB byte (com- 
plement) to ST byte 
Gate SDBO Gate SDBO Note 3: This action occurs (true).- 
(0~31) to T. (32-63) to T. simultaneously with 
transfer of low-order 
partial remainder byte. 
toT.lf-dividendiss [9 a 8 5 


Transfer digit from 


F(O~3) to T(60-63). 
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Ss 


T 


| 
| 
| 
| 
| 
| 
| 
| 


Gate high-order 
partial remainder 
from PAL to T. 


Reduce quotient 
digit in F(4-7) 
by 1 count, 


Cross-gate F 
through serial 
adder and gate 
back to F. 


Transfer low-order 
partial remainder 
from LSWR to S. 


Set STC to 0 to 
select high-order 
byte in S. 


Transfer first digit 

of low-order partial 
remainder from $(0-3) 
to F(4-7). 


Gate T to PAA 
(32-63) and F 
(47) to PAB 
(60-63). 


Gate PAL to T and 
reset STAT G to 
enter right digit 
sequence, 


DIGIT SEQUENCE (QS051 AND QS06!) 


Continue to hold 
high-order partial 
remainder in PAL. 


| Divisor was subtracted 
[ from dividend once 
| too often. 


o ce 
4 Digit 7 
es 


O Partia 


(Not Shifted 


Continue left 4 
shift initiated 

during quotient 
generation. 


Transfer high-order 
portial remainder 
from T to LSWR. 


Gate low-order partial 
remainder from S to 
PAA (32-63). Gate 
B(64-67) to PAB 
(64-67) 


Shift parallel adder 
left 4 to PAL and 
gate PAL to T. 


Transfer high-order 
partial remainder 
from LSWR to S. 


HO Particl] T LO Partial 
Remainder. Remainder 


(Shifted) (Shifted) 


Sheet 7 


O. Partia 
Remainder Remainder 
(Shifted) 


3 Vv 4 a” 5 v 


Sheet 7 


| | RIGHT DIGIT SEQUENCE : | 
Yes No (QS051 and QS061) 


Objectives: 


Continue to hold 
partial remainder 
in PAL . 


Objectives: 


Store quotient byte per D address. Shift dividend 

(or partial remainder) left 4. If dividend fetch is not 
required (STAT D set), proceed to generate next 
quotient byte. 


Subtract 1 from quotient in 
F(4-7) to obtain correct 
quotient digit. Shift divi- 
dend (or partial remainder) 
left 4 and insert next low- 
order dividend digit into 
low-order position of ST. 


Divisor was sub- 
tracted from divi- 
dend once too 

often. 


Reduce quotient 
digit in F(4-7) 
by 1 count, 


F 
Quotient} Quotient 
0 Digit 4 4 Digit 7 


Set STC per D(21-23) 
to designate ST byte 
for quotient transfer. 


Set STC per D(21-23) 
to designate ST byte 
for quotient transfer, 


Transfer high-order 
partial remainder 
from T to LSWR. 


| STAT D set if 

dividend fetch 
is not required 
t (see Sheet 7). 


Transfer quotient 
byte from F to ST 
(per STC). 


Transfer quotient 
byte from F to ST 
(per STC). 


Set mark trigger 
per STC and store 
ST per D address, 


Set mark trigger 
per STC and store 
ST per D address . Sheet 7 
Clear F and set 
STAT G to enter 


left digit sequence, 


Gate high-order 
partial remainder 
from PAL to T. 


Reduce LI by] 
count and increase 
D address by ? 
count . 


High~order digit from 
! low-order remainder 
| becomes low-order 

| digit of high-order 
remainder. 


Transfer low-order 
partial remainder 
from LSWR to S. 


§ LO Partial) {T HO Partial 
Remainder Remainder 
(Not Shifted): (Shifted) 


B (64-67) contains 
| next low-order 
dividend digit. 


Continue left 4 
shift initiated 

l during quotient 
generation. 


Set STC to 0 to 
select high-order 
byte in S. 


Left 4 shift 
completed. 


Transfer first digit 
of low-order partial 
remainder from $(0-3) 
to F(4-7). 


Gate S to parallel 
adder. Shift par- 


Sheet 6 


—— allel adder left 4 eae 
igh-order digit trom, to PAL. Gate PAL . 
pools nies: low-order remainder T. e 
F(4~7) to PAB Ibecomes low-order 
(60-63) Idigit of high-order 

. remainder. 


Transfer high-order 
partial remainder 
from LSWR to S. 


Gate PAL to T, 


Reset I of low-order divisor 
STAT H. | and partial remainder Sheet 7 
| bytes. 


portial remainder 
from LSWR to T. Objective: 


Add Sow-order divisor byte once to the 
low-order remainder (or dividend) byte 
Gate L2 to STC to obtain correct data in ST. See Note 3 
to select low-order} 0” Sheet 7. 

partial remainder 


byte in T. 


. + low-order 
Add AB byte (per ore E 
ABC) to T byte | partial remainder 


| byte by adding 
(per STC) and | low-order divisor 


t 
gate result to T. Latecanee : 


Transfer corrected 
low-order partial 
remainder from T 
to LSWR. 


Gate high-order 
partial remainder 
from PAL to T. 


§ LO Partial T HO Partial 
Remainder Remainder 
(Not Shifted) (Shifted) 


Transfer low-order 
partial remainder 
from LSWR to S. 


Return to left or 
right digit se- 
quence, as ap- 
plicable. 


| CORRECT LOW-ORDER : 
- REMAINDER BYTE 

| Saas (QS051 AND QS061) AH) 
| Transfer low-order | 
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| PROCESS QUOTIENT SIGN BYTE 
(QS051) 


Objective: 


Establish sign for last byte of quotient 
and store byte per D address. 


Set ABC and 


sTc per L2. See Note 4. 


Gate dividend 
sign byte per 
STC to serial 
adder bus B. 


To test for. 
dividend sign. 


Set STAT E if 
dividend sign 
is invalid. 


Set STAT F if 
dividend sign 
is negative. 


| To designate where 
Set oe per quotient sign byte 
D(21-23). | is to be placed. 
74 
7 i See Note 5. 
7 
STAT's Yes (Signs Alike) 
C and F 
alike 
Gate minus (-) Gate plus (+) 
to F(4-7), Quotient | - to F(4-7). 
9 Digit  3l4 
Transfer remainder 


from ST to AB via 
parallel adder. 


Transfer quotient byte 
from F to ST per STC. 


Note 4: 


| 

| No (Signs Not Alike) 
| STC is set to select dividend 

| sign byte in ST, Remaining 
high-order bytes in ST contain 

| final remainder. 

Set Mark trigger 
per STC and store 
| Note 5: ST per D address. 
STAT C is set if divisor is 


| negative. See Divisor 


ei ee 


| To designate where 
| high-order remainder 
| byte is to be placed. 


Increase STC 
by T count. 


Increase D by 
1 to reflect 


remainder address. 


Diagram 5-306. Decimal Divide (Sheet 9 of 9) 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


STORE REMAINDER ROUTINE 
(QS051 AND QS061) 


Transfer remainder 
sign byte from AB 
(per ABC) to F. 


Set ABC to 000 to 
select high-order 
remainder byte. 


Transfer AB byte 
(per ABC) to ST 
byte (per STC). 


Set Mark trigger 
per STC. 


Store ST per D 
address . 


Increase ABC and 
STC by 1 count. 
Reduce L2 by 1 
count. 


Increase D by 8 
to obtain next 

storage address 
for remainder . 


Yes 


—— eee eee ee 


Objective: 


Transfer remainder from AB to ST and store at 
low-order destination address; remainder sign 
must be same as that of dividend. 


ABC was set 
per L2. 


Remainder sign 
| must be same 
as dividend sign. 


Correct remainder 
sign, if necessary. 


No 


Sheet 6 


Increase ABC and 
STC by 1 count. 
Reduce L2 by | 


count, 


STC has been 
incremented 
once too often. 


Reduce STC by 1 
count to designate 
remainder sign. byte 


Transfer remainder 


sign byte from F 
to ST and store per D. 
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2 Vv 3 Vv 4 v 5 Vv 6 
= | 
| Opcode [| tr | 2 | or ff 
0 7.8 Wiz) 1516)=—1920-Ss«325 36 v7 
e Op Code: 
1. Pack (PACK) - F2. 
QTo31 2. Unpack (UNPK) - F3. 
: 3. Move With Offset (MVO) - FI. 
Gate Ist 
operand from e@ Purpose: 
SDBO to ST. 1. Pack - Convert format of 2nd operand (in storage) 
; from zoned to packed and place result into Ist 
operand location (in storage). 
2. Unpack - Convert format of 2nd operand (in storage) 
from packed to zoned and place result into Ist 
operand location (in storage). 
PadilZ tote and 3. Move with Offset - Store 2nd operand (in storage) 
request 2nd é 7 
Sparanid Transfer to left of and adjacent to low-order 4 bits of Ist 
D to STC. operand (in storage). 
e@ Conditions at end of I-Fetch: 
1. Main storage request for doubleword containing 
low-order byte of Ist operand (destination) has 
been issued per D. 
Subtract D from 2. D contains low-order byte address (contents of GPR 
IC and shift right addressed by BI, + D1 +11) of Ist operand. 
4 to PAL. 3. IC contains high-order byte address (contents of GPR 
addressed by B2, + D2) of 2nd operand. 
No (Not Word Overlap) PAL(40-64) Yes (Word Overlap Possible) 
=0 


Gate SDBO to 
AB and set ABC 
per IC (21-23), 


- Gate SDBO to 
AB and set ABC 
per {C(21-23). 


Pack or Move 
With Offset 


Unpack 


Subtract D from IC 
and gate result to 
PAL. 


Generate hot carry 
to PAA(60). 


PAL(40-63) No (Word Overlap) 
=0 
> 
Pack Move With Offset Pack Move With Offset - 


Unpack Unpack 


Diagram 5-308 Diagram 5-310 Diagram 5-312 Diagram 5-309 Diagram 5-311 Diagram 5-313 


Pack. ° Move With Offset. Pack. Move With Offset. 


Diagram 5-307. GIS for Pack, Unpack, and Move With Offset 


Yes (Not Word Overlap) 


5-307 (7/70) 


Diagram 5-307 


GIs. 


No Word Yes 
Qs}01 ; overlap 


Diagram 5-309 


Word overlap 


Cross-gate 
AB sign 
byte to ST. 


sequence. 


al Byte Set mark trig- 


ger per STC. 


Reduce LI, L2, Store ST 
ABC, and STC per D 
by 1 count. address. 


| AB byte to SAB(0-7). 
SAB(4-7) to SAL. 
j SAL to ST. 


Transfer right digit 
from AB to ST, 


No 
ABC =0 


Set STAT D, 


Set STAT D. Set STAT H, 


Reduce L2 
and ABC, 


Set mark trig- 
ger per STC. 


Request 2nd oper- 
and per IC, 


Transfer left digit 
from AB to ST. 


Reduce L1 and 
STC by 1 count. 


Reduce IC 
address by 8. 


Set mark trig- 
ger per STC, 


Reduce LI, L2, 
ABC, and STC 
by 1 count. 


Set STAT's 
Dand G, 


Store ST per D 


Gate 0's to ST 
address and 
set STAT H. Gd dala 


Set mark trig- 
ger per STC. 


AB byte to SAB(0-7). 
SAB(0-3) to SAL. 
SAL to ST. 


Reduce D 
address 
by 8. 


Reduce LI and 
STC by 1 count. 


Request 2nd 
operand 
per IC. 


Reduce IC 
address by 8. 


GENERAL OPS*(QS091) 


Subtract D from 
IC and shift 


Restore instruction 


address from LSWR right 4 to PAL. 


to IC. * Same end=op and source fetch 
routines are used for Pack and 
Move with Offset instructions, 


Transfer 
StoA, . 


Reset STAT G. Word Yes 


Gate overlap 
SDBO 
to AB. Med eS 

Yes No Diagram 5-312 Diagram 5-309 


Move With Word overlap 


(3) © Offset . sequence. 


Diagram 5-308. Pack, Not Word Overlap Sequence 
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2 Vv . 3 Vv 4 : Vv 5 Vv 6 


A 
No Word Yes 
overlap 
Diagram 5-308 


Not word Qs10i 
overlap 


sequence. 


A 
Cross-gate AB eee eehebs 


sign byte to S 


Transfer 
T to B. 


Transfer 
S to A. 


Yes No 


Store ST per 
D address. 
No oo : wee ee ee ee oe 
ransfer right AB byte to 
digit from SAB(O-7). 
AB to ST. SAB(4-7) 
to SAL. 
SAL to ST. 
Reduce 12 


and ABC. 


Yes 


Store ST per D 
address and 
set STAT H. 


Gate 0's to ST 
byte per STC. 


Reduce D ad=- 
dress by 8. 


Set mark - 
trigger 


Transfer left 
digit from 


Set mark 
trigger 


Request 2nd 
operand per 


AB to ST. 


Request 2nd 


operand 
per IC. 


Set STAT's 
D and G. 


GENERAL OPS* 
(QS091) 
Subtract D 
Yes = from IC and 
shift right 
4to PAL. 
Restore in- Transfer ST 
struction ad- byte to F Store ST per 
dress from per STC. D address. 
LSWR to IC. Yes No 
Gate SDBO Diagram 5-313 
oe Transfer 
STAT G ls Move With Sto A. 
Offset. ae 
L Reset 
STAT G. 
= * Yes Word No 
overlap 


Diagram 5-308 


Not word 


Gate SDBO 


Transfer-F to to AB and 


ST per STC. 


ST. overlap 


sequence, 


*Same end-op and source fetch routines 
are used for Pack and Move With Offset 


instructions. 2 eS 


Diagram 5-309. Pack, Word Overlap Sequence 


5-309 (7/70) 


Qsitl 


Cross~gate AB 
sign byte to ST. 


Set mark trig- 
ger per STC. 


Reduce L1, L2, 
ABC, and STC 


by 1 count. 


Diagram 5-307 


GIS. 


No Word Yes 
overlap 


Diagram 5-311 


Word overlap 


sequence, 


Yes No 


Store ST per 
D address . 


Clear AB and 
set STAT H. 


digit from AB 
Clear AB and Transfer L2 to ABC to ST. Insert 
set STATH. (ABC is set to 7), zone. 


Transfer right 


Transfer L2 to ABC 
(ABC is set to 7), 


Set mark trig- 
ger per STC. 


Set STAT D to 
enter source 
fetch . 


Gate zero to 
ST right digit. 


Insert zone. 


Reduce L] and 
STC by 1 count. 


Set mark trig- 
ger per STC. 


No 


Reduce LI! and 
STC by 1 count, 


Set STAT G, 


Store ST per 
D address . 


Reduce D 
address by 8, 


Transfer left digit 


from AB to ST. 
Insert zone. 


Request 2nd oper- 
and per IC - 


Reduce IC 
address by 8. 


Subtract D from 
IC and shift 
right 4 to PAL. 


Subtract D from 
IC and shift 
right 4 to PAL . 


Restore instruction 


address from 
LSWR to IC. 


Reset 
Yes STAT G, 


Request destination 
per D address. 


Yes Word 


| 
| 
| 
| 
| 
| 


overlap 
Diagram 5-311 Transfer 
Word over- anes 
lap sequence, 
Word Yes 
overlap 
Reset 
STAT G | Diagram 5-311 | 5-311 


Word over- 


lap sequence. 


"Gate SDBO 
to AB. 


Diagram 5-310. Unpack, Not Word Overlap Sequence 


7201-02 FEMDM 


(7/70) 5-310 


Diagram 5-307 


A No Word Yes 
° overlap 
Diagram 5-310 


Not word 
overlap 
‘ Cross-gate AB =o 
sign byte to ST, co 


ot Byte Ps [| | 


Yes Con No @ (2) 
Transfer 


Set mark trig- 
ger per STC. 


Transfer right digit 
from AB to ST. 
Insert zone. 


Clear AB 
and set 
STAT H. 


Reduce L1, L2, 
ABC, and STC. 


Set mark trig~ 
ger per STC. 


Transfer 

L2 to ABC 
(ABC is set 
to 7). 


Reduce L? and 
STC by 1 count, 


Gate zero to ST 
right digit. 
Insert zone. 


Set mark trig- 
ger per STC. 


Transfer left digit 
from AB to ST. 
Insert zone. 


Reduce L1 and 
STC by 1 count 


Yes 


Clear AB and 
set STAT H. 


Transfer 
12 to ABC 
{ABC is set 
to 7), 


Set STAT D to 
enter source 
fetch. 


Store ST per 
D address, 


Request 2nd 
operand per IC . 


Reduce D 
address by 8. 


Reduce IC ad- 


Sa5 a “GENERAL OPS —— ee 


(S091) 


Subtract D from For subsequent 
IC and shift word overlap 
right 4 to PAL . branch. 


Restore instruction 
address from IC 


to LSWR. 


Subtract D from IC 
and shift right .4 
to PAL. 


Reset 
STAT G- No Yes 


StoA. 


Request destination 


per D address . 


pose 


Yes Word Word Yes 
overlap overlap 
Yes Word No 
overlap 
big ok? Disgran 5-310 
G Transfer Not word Gate SDBO to 
Diagram 5-310 T to BY overlap AB and ST. 


Not word 
overlap 


sequence « 


OS ES SS AS oe 


sequence , 


Reset 
STAT G. 


Diagram 5-311. Unpack, Word Overlap Sequence 


5-311 (7/70) 


2 Vv 3 vV 4 Vv 5 Vv 6 


Diagram 5-307 


GIS. 
No Word Yes 
overlap 
QS121 
Diagram 5-313 
shat Shift AB digit in 
Gate ST digit in 
(4-7) to SAL(4-7) (4-7) left 4 to Word over- 
‘ SAL(O-3) . lap sequence, 
ST Byte AB Byte 


Gate SAL to 
ST per STC. 


Set mark trigger 
per STC. Reduce 
L1 and STC by 


1 count. 


Yes No 
ST Bytes AB Bytes 


[ae Tai[sn] [ala] 
04;34 7 


0 34 70 34 7 
Right 4 Shift-t> 


Shift AB digit in 
(0-3) right 4 to 
SAL(4-7). Gate 
0's to SAL(0-3). 


Store ST per 


D address , 
Gate SAL to ST. 


Reduce L2 and 
a) ABC by 1 count. 


Yes No 


Yes No 
Reduce D 


address by 8 - 


Set STAT H. 
Set mark trig- 
ger per STC, 


No Yes 


Reduce L] and 
STC by 1 count. 


Shift AB digit in 
(0-3) right 4 to 


| SAL(4~7). Gate 
} O's to SAL(-3). 


Gate SAL to ST. 
Reduce L2 and 
ABC by 1 count. 


Yes LI or STC No 
. =0 


pon cemete 


Yes 


Gate Q's to ST | Request 2nd oper- 
byte per STC, | and per IC. 


Set mark trigger 
per STC. Reduce 
| Li and STC, 


Reduce IC 


address by 8. 


GENERAL OPS* 
(QS091) 


Subtract D from 


*Same end-op and source fetch routines IC and shift 


are used for Move With Offset and Pack 
instructions. 


Restore instruc- 
tion address from 
LSWR to IC. 


Transfer 
Sto A. 


right 4 to PAL. 


Word Yes 
No Yes overlap 
Diagram 5-308 
Gate SDBO Pack ; 
to AB. instruction , Diagram 5-313 


Word over- 


2) lap sequence . 


Diagram 5-312. Move With Offset, Not Word Overlap Sequence 


7201-02 FEMDM (7/70) 5-312 


> 2 Vv 3 
A 
No Word Yes 
overlap 


Diagram 5-312 


Not word over= 


lap sequence. 
> p seq 


Gate ST digit 
in (4-7) to 
SAL(4-7). 


Yes 


B 
> 
C 
Transfer 
StoA. 
> 
Store ST per 
D address. 
Set STAT H. Set 
mark trigger per STC. 
D 
Yes 
Reduce L] and 
STC by 1 count, 
> 
Reduce D 
address by 8. 
E 
No 
Gate 0's to ST 
byte per STC. 
Shift AB digit in (0-3) 
right 4 to SAL(4-7). 
Gate 0's to SAL(0-3). 
F Set mark trigger 
per STC. Reduce 
Li and STC. 
Gate SAL to ST. 
Reduce L2 and 
ABC by 1 count. 
> 
GENERAL OPS* 
(QS091) 
G pose? ae *Same end-op and source fetch routines 
from LSWR to IC are used for Move With Offset and Pack 
¢ instructions. 
ad End op. No 
Transfer 
T to B. 
H 
Diagram 5-313. Move With Offset, Word Overlap Sequence 
> 


5-313 (7/70) 


Yes 


Transfer T to 8. 
Reduce L2 and 
A&C. 


Gate SAL to 
ST per STC. 


Set mark trigger 
per STC, Reduce 
LI and STC by 


1 count. 


Shift AB digit 
in (4-7) left 4 
to SAL(0-3). 


right 4 to SAL(4-7). 


Gate SAL to 
ST per STC. 


Request 2nd 


operand per IC. 


Diagram 5-309 


Pack 


instruction 


Subtract D from 
IC and shift 
right 4 to PAL. 


Shift AB digit in (0-3) 


Gate 0's to SAL(0-3). 


AB Byte 


0 


ST Bytes AB Byte 


34 70 34 7 0 
Right 4 Shift 


TF 


Transfer 
Sto A. 


Y 
= ABC = 0 ica 2) 


Word No 
overlap 


Diagram 5-312 


Not word over- 


lap sequence . 


(All other SS 


No Logical Instructions) 


Transfer IC to 
PAB(40-63). 


Transfer complement 


of D to PAA(40-63) 
and add hot 7. 


Shift sum right 4. 
Gate SDBO (0-63) 
to ST. 


Issue 3-cycle storage 


request per IC for 
2nd operand. 


Transfer D(21-23) 
to STC. 
Transfer IC to 
PAB(40-63). 


Transfer D to 
PAA(40-63) 
and complement. 


Shift sum right 4. 
Transfer IC to ABC, 


Enable I-Fetch 
invalid address 
test circuits. 


Set appropriate 
interruption code (5 or 6) 
and ‘program interrupt' 
latch if 2nd operand 
address is invalid. 


Branch on MVC 
instruction, 
word overlap, 
byte overlap. 


MVC No No 
Word Overlap No Yes j 
Byte Overlap - Yes Yes No 


Gate SDBO 
to AB. 


Branch to execution Branch to execut 


sequence per E(4-7). sequence per E(2 


Diagram 5-401. GIS for Logical Instructions 


Gate SDBO 
to AB, 


QT031 . 


Translate 
or Translate and 
Test 


Yes 


| Word overlap 
if PAL(40-64) =0. 


” Tests validity 


of 2nd operand 
address in IC, 


Inhibited when Edit or 
Edit and Mark 
instruction is being 
performed. 


Ton 


oe 


Gate SDBO 
: to AB, 


Gate SDBO(0-63) to 
AB and ST. 
Transfer D(21-23) 
_ to STC. 


Transfer first byte of 


Ist operand to F 
via serial adder, 


Transfer 011 to STC, 


Branch to execution 


sequence per E(4-7). 


_Yes 


1 High speed move. | 


Yes 


Gate SDBO to 
AB and ST. 


E(8-15) >6 
and ABC and 
sTC =0 


QPO0T 


Continue with 
execution sequence. 


7201-02 FEMDM (7/70) 5-401 


e@ SI format. 


@ Purpose: Place immediate 
operand (12 of instruction) 
into Ist operand location 
(in storage). 


Store immediate operand 
(in E) into destination 
per Ist operand address. 


A. Move, MVI (92) 


SS format. 


© Purpose: Place 2nd operand 
‘(in storage) into Ist 
operand location 
(in storage). 


Fetch LL number of bytes from 
source per 2nd operand address. 
Store into destination per 

Ist operand address. 


B. Move, MVC (D2) 


Diagram 5-402. Logical Move Instructions 


oe RR format. 


@ Purpose: Binarily compare 
Ist operand (in GPR, per 
R1) with 2nd operand (in 
GPR, per R2) and set CC 
according to result. 


‘Fetch Ist operand Fetch 2nd operand: 
from GPR per RI. from GPR per R2. 
Compare Ist operand with 2nd operand. 


Ist Is High 


Low 


Set CC to0. |. Set CCtol. fF 


A. Compare Logical, CLR (15) 


Set CCto2. | 


= [2] 
7 


0 8 Wiz 15 16 q 


Fetch Ist operand Fetch 2nd operand 
from GPR per RI. from main storage. 
Compare Ist operand with 2nd operand. 


9 20 K)} 


@ Purpose: Binarily compare 
Ist operand (in GPR, per 
RI) with 2nd operand (in 
storage) and set CC 
according to result. 


RX format. 


Equal Ist Is High 


Ist Is 
Low 


SerCC too. | | Set CCtol. Set CC to 2. 


B. Compare Logical, CL (55) 


Diagram 5-403. Logical Compare Instructions 


5-402, 5-403 (7 /70) 


v 5 Vv 


Spor] ee [foe] , 


3132 35 36 47 


e 
Store numerics into destination 
per Ist operand address. 
C. Move Numerics, MVN (D1) 
1920 3132 +3536 : 
° 


Fetch LL number of bytes from 
source per 2nd operand address. 


Store zones into destination 
per Ist operand address. 


D. Move Zones, MVZ (D3) 


eR ee a 
0 7 20 3 


8 15 16 9 


Fetch Ist operand 
from main storage. 
Compare Ist operand with 2nd operand. 


Obtain immediate 
_ operand from.E. 


Equal Ist Is High 


Ist Is 
Low 


Set CC to 0. Set CC to 1. Set CC to 2. 


Cc: Compare Logical, CLI (95) 


Pos TT [fon] oe [foe] 


t) 78 15 16 19 20 3132 35% 47 


Fetch Ist operand Fetch 2nd operand 
from main storage. from main storage. 
Compare Ist operand with 2nd operand. 


Ist Is High 


Low 


- Set CC to 0. Set CC to I. 


D. Compare Logical, CLC (D5) 


Set CC to 2. 


SS format. 


Purpose: Place numeric 
portion (low-order 4 bits) 
of each byte of 2nd operand 
(in storage) into low-order 
4 bits of corresponding byte 
of Ist operand (in storage). 


SS format. 


Purpose: Place zone portion 
(high-order 4 bits) of each | 
byte of 2nd operand {in . 
storage) into high-order 

4 bits of corresponding byte 
of Ist operand (in storage). 


SI format. 


Purpose: Binarily compare 
Ist operand (in storage) with 
immediate operand (12 of ~ 
instruction) and set CC - 
according ‘to result. 


SS format. 


Purpose: Binarily compare 
Ist operand (in storage) with 
2nd operand (in storage) and 
set CC according to result. 


© RR format. 


e@ Purpose: AND Ist operand 
(in GPR, per R1) with 2nd 
operand (in GPR, per R2) 
and place result into Ist 
operand location. 


e@ RX format. 


15 16 19 20 


Fetch 2nd operand 
from main storage. 


@ Purpose: AND Ist operand 
(in GPR, per R1) with 2nd 
operand (in storage) and 
place result-into Ist operand 


Fetch Ist operand 
from GPR per R1. 


location. 
Store result into GPR 
per R1 and set CC. 
B. AND, N (54) 
Diagram 5-404. Logical AND Instructions 
RR format. 


Purpose: OR Ist operand 
(in GPR, per R1) with 2nd 
operand (in GPR, per R2) 
and place result into Ist 
operand location. 


RX format. 
1112 


Fetch Ist operand 
from GPR per R1. 


15 16 19 20 


Fetch 2nd operand 
from main storage. 


e@ Purpose: OR Ist operand 
(in GPR, per R1) with 2nd 
operand (in storage) and 
place result into Ist 
operand location. 


‘Store result into GPR 
per RI and set CC. 


B. OR, O (56) 


‘Diagram 5-405. Logical OR Instructions 


Obtain immediate Fetch Ist operand 
operand from E,. from main storage. 


Store result into main storage per 
Ist operand address and set CC, 


‘C. AND, NI (94) 


ee 


15 16 


0 78 19 20 31 32 35% 47 


Fetch Ist operand Fetch 2nd operand 
from main storage. from main storage. 


Store result into main storage per 
1st operand address and set CC. 


D. AND, NC (D4) 


Obtain immediate Fetch Ist operand 
operand from E. from main storage. 


Store result into main storage per 
Ist operand address and set CC, 


C. OR, Ol (96) 


Foose fon] oe [foe], 


15 16 


0 78 19 20 31 32 35 % 47 


Fetch Ist operand Fetch 2nd operand 
from main storage. from main storage. 


Store result into main storage per 
1st operand address and set CC. 


D. OR, OC (D6) 


SI format. 


Purpose: AND immediate 
operand (I2 of instruction) 
with Ist operand (in storage) 
and place result into Ist 
operand location. 


SS format. 


Purpose: AND Ist operand 
(in storage) with 2nd 
operand (in storage) and 
place result into Ist 
operand location. 


SI format. 


Purpose: OR immediate 
operand (12 of instruction) 
with Ist operand (in storage) 
and place result into Ist 
operand location. 


SS format. 


Purpose: OR Ist operand 
(in storage) with 2nd 
operand (in storage) and 
place result into Ist 
operand location. 


7201-02 FEMDM (7/70) 5-404, 5-405 


e@ RR format. 


e@ Purpose: Exclusive-OR Ist 
operand (in GPR, per R1) 
with 2nd operand (in GPR, 
per R2) and place result into 
Ist operand location. 


TES cs e@ RX format. 


Fetch Ist operand Fetch 2nd operand 
from GPR per RI. from main storage. 
Exclusive OR. 
Store result into GPR per 
R1 and set CC. 


B. Exclusive-OR, X (57) 


15 16 


e@ Purpose: Exclusive-OR Ist 
operand (in GPR, per R1) 
with 2nd operand (in storage) 
and place result into Ist 
operand location. 


Diagram 5-406. Logical Exclusive-OR Instructions 


e@ = StI format. 


e@ Purpose: Set CC according 
to state of Ist operand bits 
{in storage) selected by 
mask bits (12 of instruction). 


Obtain immediate 
operand from E 
and use as mask. 


Fetch Ist operand 
from main storage. 


Select bits of Ist operand 
only when mask bits are T's. 


Diagram 5-407. Test Under Mask, TM (91) 


Sa ET EE = 


19 20 33 


8 12 15 16 RX format. 
@ Purpose: Insert 2nd operand 
(byte; in storage) into bits 
24-31 of Ist operand 

location (in GPR, per RI). 


Fetch doubleword (containing 8-bit 
character) from main storage. 


Insert character into bits 
24-31 of GPR per RI. 


A. Insert Character, IC (43) 


Diagram 5-408. Insert Character, IC (43); Store Character, STC (42) 


EE 
7 


19 20 31 


RX format. 


9 8 W 32 15 16 


e@ Purpose: Insert 2nd operand 
address into bits 8-31 of 
GPR specified -by RI. 


Insert 2nd operand address into 
bits 8-31 of GPR per RI. 


Diagtam 5-409. Load Address, LA (41) 


’ 


5-406—5-409 (7/70) 


Obtain immediate 
operand from E, 


C. Exclusive-OR, XI (97) 


Poor Tt [ff ov] [ff] 


1516. 


0 78 


Fetch Ist operand 
from main storage. 


D. Exclusive-OR, XC (D7) 


Fetch character from bits 
24-31 of GPR per RI. 


Store character into main storage 
per 2nd operand address. 


B. Store Character, STC (42) 


Exclusive OR. 
Store result into main storage per 
Ist operand address and set CC, 


Exclusive OR. 
Store result into main storage per 
1st operand address and set CC. 


Fetch Ist operand 
from main storage. 


19 20 3132 35 36 47 


Fetch 2nd operand 
from main storage. 


SI format. 


Purpose: Exclusive-OR . 
immediate operand (12 of 
instruction) with ist operand 
(in storage) and place result 
into Ist operand location. 


SS format. 


Purpose: Exclusive-OR Ist 
operand (in storage) with 
2nd operand (in storage) and 
place result into Ist operand 
location. 


RX format, 


Purpose: Store bits 24-31 of 
Ist operand (in GPR, per R1) 
into 2nd operand location 
(in storage). 


2 Vv 3 


| oc Te [fon] oe [ffo2] 


0 78 15 16 19 20 31 32 35 36 47 


Fetch doubleword (containing Ist 
argument byte) from main storage 
per Ist operand address. 


Select argument byte. 


Add argument byte to base 
address of function byte 
(2nd operand address). 


Fetch function byte per 
result address. 

Store function byte into 
argument byte location. 


Translate next 
argument byte. 


A. Translate, TR (DC) 


SS format. 


Purpose: Add Ist operand 
byte (argument; in storage) 
to 2nd operand address, use 
result as storage address, and 
place function byte from 
resulting storage address 

into corresponding Ist 
operand byte location. 


Diagram 5-410. Translate, TR (DC); Translate and Test, TRT (DD) 


Vv 5 Vv 


ee eC 


0 78 15 16 19 20 31:32 35 36 47 


Fetch doubleword (containing Ist 


argument byte) from main storage 
per Ist operand address. 


Select argument byte. 


Add argument byte to base 
address of function byte 
(2nd operand address). 


Fetch function byte per 
result address. 


Function byte 
all 0's 


Store function byte 
into GPR2. 


Translate next 
argument byte. 


SS format. 


Purpose: Add Ist operand 
byte (argument; in storage) 
to 2nd operand address, 

use result as storage address, 
and test function byte from 
resulting storage address. 

If zero, translate and test 
next argument byte; if 
nonzero, complete operation 
by inserting related argument 
address into GPR1 and 
function byte into GPR2. 


Store address of argument 
byte into GPRI. 


End op; set CC. 


B. Translate and Test, TRT (DD) 


7201-02 FEMDM (7/70) 5-410 


e SS format: 


Topcoet] um [for] em [ifn] 


0 78 15% 19 20 3t 32 35 36 47 


f DE for Edit 
DF for Edit and Mark 


e Purpose: 


1. Edit: change format of source (2nd operand; in storage) from 
packed to zoned, edit source under control of pattern (Ist 
operand; in storage), and place result into Ist operand location 


Diagram 5-401 ; 
2. Edit and Mark: same as Edit, but, in addition, place 


Logical GIS. location of each Ist significant digit into GPR1. 
e@ Conditions at end of Gis: 


Store Ist 1. Pattern (destination operand) is in ST. 

pattern char- 2. Pattern address is in D. 

acter (fill) 3.;Source address (contents of GPR per B2, + D2) is in IC. 
into F. 4. Ist 16 bits of instruction are in E. 


QpP04l 


Gate pattern 
character 
to SBB. 


Field Other 


Digit Select (20) or 
Separator (22) Character 


Significant Start (21) 


Reset 'S' 
.trigger and 
STAT A. 


Appropriate interruption code 
(5 or 6) and ‘program interrupt' 
latch are set now if 2nd 

operand address is invalid. 


Examine source 
digit and gate 
AB byte to SAB 


'S' trigger 
set 


Invalid 
digit in 
SAB(0-3) 


Yes 


Significant 
_ start (21) 


Set 


Set 'S' 
trigger. 


Sign in 
SAB (4-7) or ‘right 
digit' trigger 


Yes 


'S' trigger Yes 


set. 


Reset ‘right digit’ 
trigger and 
increase ABC 

by 1. 


Set 'right digit' 
trigger to 


Set 'EDMRK' 
latch. 


examine right 
digit. 


Leave pattern 
character in 

ST. Set mark 
trigger per STC. 


Insert fill 
character into 
ST. Set mark 
trigger per STC. 


Set 'S' trigger 
and STAT A. 


Reset 'S' trigger 
if source sign 
is plus (+). 


increase STC 


Ip: and D by 1. 
Yes di — as er Reduce LL 
. = by T. 


set 


Gate right Gate left 
digit to ST digit to ST 
and insert and insert 


zone. Pattern 
field exhausted 
or LL=0. 


or SIC =0 


zone. 


Set mark 
trigger per — a d 
STC. Reduce Ree erm 


LL by 1. 


Set interruption 
code 7 and 
‘program 
interrupt’ latch. 


! CC setting: 1 if 
STAT A and 'S' trigger 
set; 2 if STATA 

set and 'S' trigger 
reset. 


Store D Address of 
contents into 


GPRI. 


Fetch new 
pattern to 
ST. 


Set CCand | 


take end op. 


' 

' 

t last result 
‘ byte in ST. 


Source 
field exhausted 
or ABC =0 


Yes 


Diagram 5-411. Edit, ED (DE); Edit and Mark, EDMK (DF) 


5-411 (7/70) 


to) 7 


Fetch Ist operand from 
GPR per RI. 


Shift 1st operand left number 
of bit positions specified by 
low-order 6 bits of 2nd 
operand address. 


Store result into GPR per R1. 


A. Shift Left Single, SLL (89) 


(=| « = | 


Fetch Ist operand from GPR 
per Rl and RT +1. 


Shift 64-bit Ist operand 
left number of bit positions 
specified by low-order 6 

bits of 2nd operand address. 


Store result into GPR per 
Rl and R1 +1. 


B. Shift Left Double, SLDL (8D) 


Diagram 5-412. Logical Shift Instructions 


8 W 32 15 16 19 20 31 


RS format. 


Purpose: Shift Ist operand 
(in GPR, per R1) left 
number of bit positions 
specified by low-order 

6 bits of 2nd operand 
address. 


RS format. 


Purpose: Shift Ist operand 
(in GPR, per R1 and RI + 1) 
left number of bit positions 
specified by low-order 6 
bits of 2nd operand address. 


0 78 
Fetch Ist operand from 
GPR per RI. 


Shift Ist operand right number 
of bit positions specified by 
low-order 6 bits of 2nd 
operand address. 


Store result into GPR per R1. 


C. Shift Right Single, SRL (88) 


_<__[* Et = | 


Shift 64-bit Ist operand 
right number of bit positions 
specified by low-order 6° 

bits of 2nd operand address. 


Store result into GPR per 
Rl and R1 +1. 


D. Shift Right Double, SRDL (8C) 


1 12 15 16 19 20 31 


1 32 15 16 19 20 31 


Fetch Ist operand from GPR 
per RI and R1+ 1. 


RS format. 


Purpose: Shift Ist operand 
(in GPR, per R1) right 
number of bit positions 
specified by low-order 6 
bits of 2nd operand address. 


RS format .° 


Purpose: Shift Ist operand 
(in GPR, per RI and R1 + 1) 
right number of bit positions 
specified by low-order 6 
bits of 2nd operand address. 


7201-02 FEMDM (7/70) 5-412 


4 5 v 6 


3 Vv Vv 
7 [om | |e | 
RR t-Fetch. RX I-Fetch. 78 112 15 


@ Purpose: Branch to location specified by GPR 
(addressed by R2) if state of CC is as specified by M1. 


(ic(21,22)= 11] or [not e@ RX format: BC 


RR format and_IC 

(21,22) =00] 0 78 VW 12 15 16 19 20 31 

@ Purpose: Branch to location specified by 2nd operand 
address if state of CC is as specified by M1. 


Condition met] or 
[condition met and 
RR format and 
ee a 


No (Unsuccessful Branch) 


No 
(Unsuccessful) Conditi ; 
Branch) or arti eel, aN, Yes (Successful Branch) Yes (Successful Branch) 


RR format and 
£(12-15) not 
= ojt 


No JF Nese SeeeCeO 
IC (21,22) =00 (Correct 
Halfword 

in R). 


If no, next instruction to be executed 
is contained in Ist, 2nd, or 3rd 


If yes, next instruction to be 
executed is located in last 
halfword of doubleword from main 
storage that contains branch 
instruction. If 1C(21,22)=00, next 
instruction to be executed is to come 
from Ist halfword of doubleword 
requested during J-Fetch. 


halfword of Q when Q is refilled. 


Refill Q, and 
transfer Q to R 
per D(21, 22), 


Data gated into Q was 
requested during I-Fetch 
of the branch instruction. 


Update IC and place 
value into IC and D, 
and refill Q. 


Update IC and place 
value into IC and D, 
refill Q, and transfer 
first halfword of Q to R. 


Q is refilled with data requested 
during !-Fetch of the branch-to 
instruction. Second Q refill is 
with data requested during execution 
of the branch instruction. 


Issue 3-cycle 

storage request, refill Q, 
transfer Q to R per 
D(21,22) update 

IC, and refill Q. 


Data gated into Q was requested during 
|-Fetch of branch instruction. 


‘Execute' 
trigger set 


> Yes 


Branch ‘end op. 


tcondition Met: 


Branch instruction was subject of an 

Execute instruction and present IC value 

is incorrect because IC was increased 
by 8 during this instruction. Next 
instruction format is decoded from R. 


Update IC (subtract 8) 
to obtain correct IC 
value. 


Branch Successful = [(ec) e @)] + [(ecr)e 
(22) @ (R240) 


Branch Unsuccessful = [(gc) @ (not 2] + 
(BCR) @ (not 2) © (R20)] 


Q= {[(C08) @ (not PSW 34) @ (not PSW 35)} + 
lees nt 
[(E10) @ (PSW 34) @ (not PSW 35)] + 
£(E} 1) e (PSW 34) @ (PSW 35)] 


Diagram 5-501. Branch On Condition, BCR (07); BC (47) (Sheet 1 of 2) 


5-501,Sh1 (7/70) 


2 Vv 


e@ RR format: BCR 


7 
Diogram 5-9 


to) 78 Wt i2 15 


3 4 
RR I-Fetch. RX I-Fetch. e@ Purpose: Branch to location specified by GPR (addressed 
by R2) if state of CC is as specified by M1. 


e Conditions at start of execution: 
1. Branch address is in D. 
2. 3-cycle storage request-for branch-to instruction 
= Ss es a as ered a ee 7 has been issued per D, if branch is successful. 
3. Instruction is in E. 


Diagram 5-6 


e If branch is unsuccessful, 3-cycle storage request 
to refill Q will be issued per IC, if required. 


Set ‘instruction 
storage fetch’ 


trigger. 


'l-Fetch invalid address' trigger is set 
if invalid address is detected and 
storage request has been given per IC. 
‘Branch invalid address’ trigger is 

set if invalid address and storage 
request has been given per D. 


Set 'l-Fetch invalid 
address’ trigger or 

‘branch invalid 
address’ trigger. 


e RX format: BC 


[7 [w[@[e] 7 | 


Co) 78 VW 12 15 16 20 <3) 


@ Purpose: Branch to location specified by 2nd operand 
L ‘ : J address if state of CC is as specified by M1. 


e@ Conditions at start of execution. 
1, Branch address is in D. 
2. 3-cycle storage request for branch-to instruction 
has been issued per D if branch is successful. 
3. Ist 16 bits of instruction are in E. 


(ic(21,22)=11] 
or [not RR format and 
IC (21, 22) =00] 


Yes 


e If branch is unsuccessful, 3-cycle storage request 
to refill Q will be issued per IC if required. 


A 


[Condition met] 
or [condition met and 
RR format and 
£(12-15) not =0] 


[Condition met] 
or [condition met and 
RR format and 
E(12-15) not =0} 


No (Unsuccessful Branch) Yes (Successful Branch) 


Yes 


(Correct Halfword in R) 
No (Unsuccessful Branch) 


Yes (Successful Branch) 


No fp ee ee re ee mee ee ee ee a es ae ee ee ee ee 


IC(21,22)=00 Objectives: Objective: 
1. Update IC. Reset ‘address store Update IC. 
2. Refill Q. compare‘ and ‘execute’ 


triggers. 


Add 8 to PAB and | Updates IC to fetch 
transfer result next doubleword. 
to IC and D, 


Add 8 to PAA and 
transfer result to 


Ic. 


Updates D to fetch 
next doubleword. 


| 
| 

| 

| 

| 

| 

| 

| 

Io ; 

| 

ae re | 
| 

| 

| 

- 


New doubleword of 
! instruction to Q, 
See Diagram 5-4. 


By ee ee ee nN No 
r Objectives: See rl ele ee capivuntimeteentaestnesten ieuntunenientemtentien | 
ao | jectives: | Objective: 
Transfer IC to | 1. Update IC. | ‘| i | 
PAB(40-63) . 2 fi . Issue 3-cycle storage request . Refill QandR. 
=apetill Sen | 2. Refill Qand R. { 
L 3. Update IC. | 
edie an ! 4. Refill Q. 
Add 8 to PAB and Updates IC to fetch | =- | 
transfer result to next doubleword. Issue storage | Request next | 
IC and D. | request per IC. doubleword. 
4 | 
a = Gate SDBO (0-63) SSS ee sd Gate SDBO(0-63) 


to Q, 


‘E: ts ' ee ee ee ee ee ee > —_ 
Gate SBDO cae ie ; Transfer Q to R ~ I Transfer Q toR 
(0-63) to Q. ; per D(21,22). per D(21, 22). 


Places branch-to 


instruction into R. 


‘ Transfer Q 
(0-15) to R. 


| 
| 
Reset 'l-Fetch invalid | Reset 'I-Fetch invalid 
eddress' trigger. { address‘ trigger. 
L 


Transfer IC to 
PAB(40-63) . 


Add 8 to PAB and 
transfer result 
to IC, 


I 

| 

| 

| 

| 

| 

! 
l address’ trigger if set. 
| 

| 

| 

| 

| 

| 


| 
l 
| 
| 
1 
| 
| 
| 
| 
to Q, y 
| 
| 
i 
| 
I 
! 
| 
| 
| 


Objective: 


‘Execute’ 
trigger set Update IC to allow for 


| ASC refetch. 


No | Transfer IC to 
(Decode off apROn PAB(40-63) . 


Branch end op. 


Gate SDBO (0-63) Doubleword requested during 
to Q. execution of branch instruction. 


PAB and transfer 
result to IC. 


I 
| 
| 
| 
| 
| 
Subtract 8 from | 
I 
| 
| 
| 
I 
| 


Diagram 5-501. Branch On Condition, BCR (07); BC (47) (Sheet 2 of 2) 


7201-02 FEMDM (7/70) 5-501,Sh2 


2 v 3 v 4 bid 5 v 6 


e@ = RR format 


| ost | | 


0 78 VW 12 1s 


RR !-Fetch. 


Determine address of 
instruction (link address) 
following BALR 

instruction, 


e@ Purpose: Store PSW(32-63), link information, 
into GPR (addressed by R1) and branch to 
location specified by GPR (addressed by R2). 


e Link information stored per RI: 


i] 
L cc Prog Link Address 
c Mask 
8 . 31 


01234 7 


Branch Yes (R240) 


successful 


C(21,22)=19 
or Cnot RR format and 
IC (21, 22) =00] 


Yes (Q-Refil! Required) 
es a oe 


If the ‘execute’ trigger is 
set, the link address will 
be the address that follows 
the Execute instruction. Le 


Store link data 
into LS. 


Yes (Q-Refill Required) 


Store link data into LS 
and obtain next 

sequential doubleword 
per the IC. , 


Update IC. 


Determine value of 
1C (21, 22): 

If equal to 11, gate 
SDBO to Q, If not 
equal to 11, gate 
SDBO to Q and 
first halfword to R, 


Date gated into Q is the 
doubleword requested during 
1-Fetch per the 3-cycle 
D request. The 3-cycle IC 
request selects the next 
sequential doubleword. 


Store link data into 
LS, add 8 to D and 
gate SDBO to Q, 
transfer D to IC, and 
generate 3-cycle 
storage request per IC, 


Allows selection of next 
sequential doubleword 
after the one just requested. 


SDBO contains the 
branch-to instruction 


Store fink data into 
LS, gate SDBO to 
Q, and update 

IC for next 
sequential doubleword 
from storage. 


~ 


Refill Q with a new 
doubleword to allow 
continous operation. 


Update the IC. 


(requested during !-Fetch 
of the branch instruction). 


Next instruction to be executed 
| is the instruction that 
sequentially follows the 

BALR instruction. 


Branch end op. 


Normal end op. 


Diagram 5-502. Branch and Link, BALR (05) (Sheet 1 of 2) 


5-502,Sh1 (7/70) 


e = RR format: 


ccs 


° 78 11 12 15 
RR i-Fetch. 
e@ Purpose: Store PSW(32-63), link information, into GPR 


(addressed by R1) and branch to location specified by 
GPR (addressed by R2). 
Objective: QE031 @ Conditions at start of execution: 
1. 2nd operand is in A, B, and D. 
2. 3-cycle storage request has been 
issued per D for branch-to instruction. 
3. Instruction is in E. 


Determine address to be 


stored as link address. 
Yes 


‘Execute No 
trigger set 
Transfer IC to 
PAB(40~-63) . 


Subtract 8 from 
PAB(40-63) . 


Transfer PAL to T. 


Transfer IC to 
PAB(40~63) . 
Subtract 16 from 

PAB(40-63) . 
Transfer PAL to T. 


Set ‘instruction 


storage fetch' 
trigger. 


ee ay ac a eg a aaa ae a ge ao oS ed 


Yes (R2=0) No (R20) 


Branch 
successful 


Yes No 


o 


(1c (21,22) =11] 
or [not RR format and 
1C(21, 22) =00} 


No 


Frah y ree  g e  e eee i Se Pe ee ae oS 


Objectives: 


Yes (Q-Refill Required) 
Store link data into LS. : — YI 
Refill Q. 


Update IC. 


Transfer PSW(32-39) 
to 1(32-39). . Generate 3-cycle storage 
request. 


Objectives: 


RWNH— 


1. Store link data into LS. 


Transfer PSW(32-39) 
1 2. Obtain next sequential doubleword. 


to 1(32-39). 


Gate SDBO(0-63) | Gates branch- 


to instruction to Q. 


to Q. Transfer T to GPR 


| Places fink information 
per E(8-11). 


into LS. 


QE041 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| per D(21,22). Issue 3-cycle storage 
| : request per IC, 
: Transfer D to Updates IC for 

PAA(40-63) . next sequential Set ‘instruction 
| doubleword. storage fetch' trigger. 
! 
| transfer result to IC. 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


ese ny ee cee ee ae 


Objective: 


Set 'l-Fetch invalid 7 
address! trigger if 


invalid address. Store link data into LS. 


Places link information | 
into LS. 


Transfer PSW(32-39) 
to 1(32-39). 


Transfer T to GPR 
per E(8-11). 


Issue 3=cycle storage 

request per IC. 

Set 'l-Fetch invalid | Places link 

address’ trigger. information into LS. 


See aan 


Reset 'branch invalid 
address' trigger if set. 


Reset 'I-Fetch invalid 


Objectives: ‘Execute’ 


address’ trigger. 
i trigger set 


1. Store link data into LS. Transfer PSW(32-39) 
2. Refill Q. to (32-39). 


t 
I 
| 
Transfer T to GPR { Ber Upeareles 
per E(8-11). a 
| Gates branch-to | Gate SDBO(0-63) 
| instruction to Q. toQ. 
Transfer Q to R 
per D(21,22). 


| 
| 
! 
Add 8 to PAB and | —-—+- 
transfer alk S ic. | Updates IC for next | a . Transfer D to 
| sequential doubleword. | PAA(40-63) . 
I 
| aa 
| 
I 
I 


Reset 'l-Fetah invalid 
address‘ trigger. 


Transfer IC to Objectives: 


PAB(40-63) . 


Normal end op. 


1. Update IC. 
2. Transfer IC value toD. 


Transfer IC to 
PAB(40~63) . 


compare’ and 
‘execute’ triggers. 


Add 8 to PAB and 


Reset ‘address store ‘Add 8 to PAA and 
transfer result to IC. 


Reset 'I-Fetch invalid 
address’, ‘program store 


transfer result to 


] 
I 
| 
| 
| 
| 
| 
r 
! 
I 
| 
I 
| 
I 
| 
| 
i 
IC and D. 
] 
r 
| 
| 
| 
| 
| 
| 
| 
4 
| 
| 
| 
1 


aH — 
.| Objective: 


compare’, and 
‘execute’ triggers. 


| Objectives: 
Refill Q. 


1. Determine value of 1C(21,22). 


2. Refill Q and/or R. 
No 


Gate SDBO(0-63) 
to Q. 


QE031 ep ee 
Places link information | Transfer T to GPR 
oo SDBO(0-63) into LS, per E(8-11). 
oQ. 


| 

| 

| 

| See ea eae Shia ie 
a 


See en ee hat eat ee er 


Gate SDBO(0-63) 
toQ. 


Transfer Q(0-15) 
toR. 


es ee ss rie Se ee 
Branch end op. 


Diagram 5-502. Branch and Link BALR (05) (Sheet 2 of 2) 


7201-02 FEMDM (7/70) 5-502,Sh 2 


Vv 3 Vv 4 v 5 Vv 6 


e@ RX format: 


a 


0 78 Wiz 1516) 19.20 31 
Diagram 5-9 e@ Purpose: Store PSW(32-63), link information, into GPR 
(addressed by R1) and branch to location specified by 2nd 


2 
operand address. 
A RX I-Fetch. 


@ Link information stored per RI: 


= 
Link Address 
Cc ask |. 
8 3 


(link address) . 01234 7 
following BAL 
instruction. 


Determine address 
of instruction 


If set, indicates that the 
| branch instruction is the 
subject instruction of an 
Execute instruction. 


‘Execute’ 
trigger set 


If yes, Execute instruction . : oa 

. . | if yes, branch instruction being. 

sane saad the 2nd and { executed was located in 3rd and 
a : 


4th halfwords of Q. 


Subtract 8 from 
iC and store as 
link data. Gate 
S8DO to Q, and 
Q to R per D(21, 22). 


Restore IC to its original 
value and store as 

link data. Gate SBDO 
-to Q, and Q to R per 
D(21,22). 


Store link data into 
LS, calculate address 

of next sequential 
doubleword following the 
Execute instruction, refill 
Q, and transfer Q to R 
per D(21,22). 


<> 


Update IC and 
refill Q. 


Determination of next 
sequential address 
requires subtraction 
of 16 from IC address. 


Store link data 

into LS, update 

IC (subtract 8), 
refill Q, and gate 
Q to R per D(21,22). 


Instruction format to be executed 
next is decoded off the SDBO, 
and instruction address is 
decoded from D. 


Yes 
Update IC and 
refill Q. Branch end op. 


Normal end op. 


Diagram 5-503. Branch and Link, BAL (45) (Sheet 1 of 2) 


5-503,Sh1 (7/70) 


2 v 3 Vv 4 v 5 Vv 6 


| ef | | fle 
RX I-Fetch. * 


0 78: 112 15 16 19 20 3) 


e@ Purpose: Store PSW(32~63), link information, into GPR 
(addressed by R1) and branch to location specified by 


Fn ee ee one Pe fo) Sbiccaues i — s 1 2nd operand address. 


e Conditions at start of execution: 
1. Branch address is in D. 
2. 3-cycle storage request has been issued 
per D for branch-to instruction. 
3. Ist 16 bits of instruction are in E. 


Set ‘instruction Determine address to be 
storage fetch’ stored as link address. 
trigger. 


Transfer 1C(21=23) 
to ABC. 


I 

{ 

| 

| 

l 

| 

| 

| 

1 

| Transfer IC to 
PAB(40-~63) . 
| 

| 

| 

| 

I 

L 


Subtract 8 from 
PAB and transfer 
result to T(40-63). 


I Places link address 
into T. 


Yes ‘Execute’ 


trigger set 


If yes, denotes that the 
Execute instruction is 

- located in the second 

halfword. 


If yes, branch instruction 
being executed was 
located in 3rd and 4th 
halfwords of Q. 


——— —— oe 


Transfer PSW(32-39) 
to T(32-39) . 


Transfer PSW(32~39) Places ILC, CC, Places ILC, CC, 


No 
: Objectives: a Objectives: 7 
Yes | Yes 
1. Store link data into LS. | 1. Store link data into LS. 
I 2. Update IC. | 2. Update IC. 
| 3. Refill Q. | 3. Refill Q. 
| Places ILC, CC, Transfer PSW(32-39) | Place ILC, CC, Transfer PSW(32-39) 
| and program to T(32-39) . | and program to T(32-39) . 
| mask bits into T. mask bits into T. 
| | 
| | 
| Places link data I Transfer T to GPR | Places link | Transfer T to GPR 
| into LS. per E(8-11). | data into LS. per E(8-11). 
| | 
aa pea PARAO=68). 
ee eee tae assmcn Bs 1. Store link data into LS. EAMES: 
j apa 2. Calculate address of next 
2. Calculate address of next i 
eausnitel deubleword sequential doubleword. 
3. Refill Q. : Add 8 to PAA and 3. Refill Q. Add 8 to 
4. Transfer last halfword to R. transfer result to IC. : 4. Transfer last halfword to R. PAA( 40-63) . 


to T(32-39). 


and program 
mask bits into T, 


and program Reset ‘address store 


compare! and ‘execute’ 
triggers. 


mask bits into T. 


Transfer PAL(40~63) 
to IC. 


Issue storage 


Transfer Dto 


Transfer D to ? 
PAA( 40-63) . 


PAA(40-63) . 


Add 8 to PAA and 
transfer result to IC, 


request per 
IC if D(21,22)=11. 


Gate SDBO(0-63) 
to Q. 
Transfer Q toR 
"per D(21,22). 


Reset 'I~Fetch invalid 
address' trigger . 


Issue storage 
request per 
IC if D(21,22)=11. 


Gate SDBO(0-63) 
to Q. 


QE041 


Transfer Q to R 
‘per D(21,22) 


Add 8 to 
PAA(40-63) . 


Transfer PAL(40-63) 
to IC(0-23). 


Reset ‘address store 
compare’ and ‘execute! 


triggers. 


Issue storage 


request per 
IC if D(21,22)=11. 


Issue storage 
request per 
IC if D(21,22)=11. Reset 'Il~Fetch invalid 


address’ trigger . 


Transfer T to | | Obtains correct 
PAA(32-63) . | link address. 


to Q. 


Add 8 to PAA and 


aa transfer result to T. 
Transfer Q to 


per D(21,22). 


Gate SDBO(0-63) 
to Q. 

Reset 'I-Fetch invalid 
address’ trigger. 


Transfer Q to R 
per D(21,22). 


‘Transfer T to Obtains correct 


| 
| 
| 
ES eS ita a a een eR Bl Se ee te ee ee Pe ee oe ee eee al: 
“I 


PAA(32-63) . | link address. 
| Reset 'l-Fetch invalid 
| address’ trigger. 

Subtract 

8 from PAA, Sot as ee ot 
Transfer T to GPR | Places link 
per E(8-11). data into LS. 

Transfer 

result to T. [eS oe inns Vine ett te oe a ee 

Transfer T to GPR i Places link 


data into LS. 


4 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 
I 
l 
| 
| 
| 
| 
| 
| 
| 
I 
| 
I 

Gate SDBO(0-63) | 
r 
I 
| 
l 
I 
| 
| 
| 
| 
| 
| 
| 
I 
| 
I 
l 
I 
l 
| 
| 
| 
I 
| 

per E(8-11). | 

l 


Branch end op. 
QE041 Objectives: 
Transfer IC to 1. Update IC. 
PAB(40-63) . 


2. Refill Q. 
Add 8 to PAB and 
transfer result to IC. 
Gate SDBO(0-63) 
to Q. 


Normal end op. 


eee ei 


Diagram 5-503. Branch and Link, BAL (45) (Sheet 2 of 2) 


7201-02 FEMDM (7/70) 5-503, Sh2 


2 v 3 - 4 - 5 v 6 


e@ RR format: BCTR 


t) 78 VE 12 15 


Diagram 5-6 Diagram 5-9 


oan @ Purpose: Subtract 1 from Ist operand (in GPR, per R1) and, 
RR I~Fetch. RX I-Fetch. if result #0, branch to location specified by GPR (addressed by R2). 


e@ RX format: BCT 


0 7 


is successful. 


8 W112 15 16 19 20 31 


@ Purpose: Subtract 1 from Ist operand (in GPR, per R1) and, if 
result #0, branch to location specified by 2nd operand address. 

Subtract 1 from Ist 

operand and store 

result into LS, 


Yes (Unsuccessful : 
Branch) | 'f yes, the branch instruction is located 
| in the last halfword of the doubleword 
requested during !-Fetch of the branch 


instruction. 


No (Successful Branch) 


PAL(32-63) = 0 


Yes (Unsuccessful 
Branch) 


{1C(21,22)=11] 
or [not RR format and 
IC (21,22) =00] 


Data requested during I-Fetch 
is present at SDBO. 


Obtain next 
sequential doubleword 
from main storage 

perrIC, 0 eee a a ee ee a 


If yes, branch instruction is 
the subject instruction of an 
Execute instruction. Update IC, refill Q, 
a and transfer Q to R 

per D(21, 22). 


Update IC and 
refill Q, 


‘Execute’ 
trigger set 


Doubleword contains the 
branch-to instruction. 


Issue 3-cycle 
storage request 


Update IC and transfer per IC, and 
result to D. update IC, 


Update IC and transfer 
result to D. 


Refill Q and transfer 
correct halfword 
to R, 


Data requested by the storage 
request given during the execution 
phase of the branch instruction 

is present at the SDBO and is 
gated into Q. 


‘Transfer into Q 
doubleword which 
sequentially follows 
the branch-to 
instruction, 


Next instruction is located in 
Ist halfword of doubleword 
I requested during execution 
! phase of branch instruction. 


Branch end op. 
Normal end op. 


Diagram 5-504. Branch On Count, BCTR (06); BCT (46) (Sheet 1 of 2) 


5-504, Shi (7/70) 


2 Vv 3 Vv 4 Vv 5 Vv 6 
Diagram 5-6 Diagram 5-9 
e@ = RR format: BCTR 
° 78 11 i2 15 
a a a css es a a i a a See a a a a a ca i i ae Sr e Purpose: Subtract 1 from 1st operand (in GPR, per R1) and, if result 
Objective: #0, branch to location specified by GPR (addressed by R2). 
Set ‘instruction Set ‘instruction Determine if branch is successful. © Conditions at stort of execution: 


storage fetch’ 


1. Branch address is in D. 

2. 3-cycle storage request has been issued per D for branch-to 
instruction. 

3. Ist operand is in $ and T. 

4. Instruction is in E. 


storage fetch' 
trigger. 


| Places Ist operand Transfer T to B. | Places Ist operand 
into B. into B. 


trigger. 


If E(12~15) equals any value 
other than zero, branching 
occurs unconditionally. 


e@ RX format: BCT 


ae 


0 78 Hot2 15 16 19 20 31 


RR format 


and E(12~15) 02 


@ Purpose: Subtract 1 from Ist operand (in GPR, per R1) and, if result 
#0, branch to location specified by 2nd operand address. 


ee ea fae ear Ss SS 


L e@ Conditions at start of execution: 
[eee 2 gt [gia at ae Pe pe ag ge ag age aig ele SS ely fg ig Ee fo gi em era oN 1. Branch address is in D. 
Objectives: 
2. 3-cycle storage request has been issued per D for branch-to. 
instruction. 
3. Ist 16 bits of instruction are in E. 


Subtracts 1 from 
Ist operand. 


art 1. Modify Ist operand. 


Tronsfer B to PAB(32-63) . ! 2.5 It into LS 
. Sfore result into . 


Gate all 1's (-1) to 
PAA(32-63) . : 


Transfer B to PAB(32-63). 
‘Gate all 1's (-1) to 
PAA(32-63) . 


| 

| 

| 
seta 


Add PAA and PAB, 
and transfer result 
to T. 


Add PAA and PAB, 
and transfer result 
toT, 


Transfer T-to GPR 
per £(8-11). 


Ist operand. 


| 
| 
| 
! 
| 
i 
i Subtracts 1 from | 
| 
| 
I 
| 
| 
| 
1 


Yes (Unsuccessful 
Branch) PAL(32-63) = 0 No (Successful Branch) 
N 


lo Yes 


[iC (21,22) =11] 
or [not RR format and 
IC (21,22) =00] 


Reset ‘branch invalid 
address' trigger if set. pay Sa eee ses fs Ses cin essa a, Sc cree Sincere eh ts Sas ew ee 
Yes T 


(Oneiccesctal Objectives: 


Branch) Transfer D to = " 1. Update IC. 


PAA(40-63) . 2. Refill Q. 
3. Transfer Q to R per (21,22). 


! 

l 

| I 

| ! 

| nee Cee 

| Add 8 to PAA and | Updates IC to select | 

| | next doubleword. 

| : 

I 

| Reset 'I-Fetch invalid ci ee pe a os ie a a re a or 
| r T ee 
| 

| 

| 

I 

I 

I 

| 

| 

| 


pr----- 


Issue 3-cycle 


Requests next sequential 
| instruction following 
branch, 


storage request 
per IC. 


1. Update IC. 


Transfer D to 2. Refill Q. 


Objective: 


Set ‘instruction 
storage fetch' 
trigger. 


Reset ‘branch invalid 
address’ trigger. 


Set ‘I-Fetch invalid 
address' trigger 


PAA(40~63) . 3. Transfer Q to R per D(21,22). 


| 
Transfer SDBO(0-63) 
to Q. 


Obtain next sequential 
doubleword. 


| ay 
| | 
| | 
| ilps 
RE | Add 8 to PAA and | Updates IC to select 
per DO 9 2). | transfer result to IC. next doubleword, 
722). 

[fa ere ieee = | Reset 'Il-Fetch invalid 
| address! trigger. 
| 
| 
i 
| 


if invalid address 
is detected. 


i a Ss et ee ee 


Transfer SDBO(0-63) 
to QQ. 
Transfer Q to R 
per D(21,22). 


Yes 


‘Execute! 
trigger set 


i aaa Nr ee —--——-—----4 


: Objectives: | 
Reset 'I-Fetch invalid | Issue 3-cycle 1. Issue 3«cycle storage | 
Ne address’ trigger - | storage request Request per IC. | 
F | per IC. 2. Update IC. | 
No ; | 
@ | Set 'l-Fetch invalid | 
address’ trigger . | 
, Yes | I 
eee tee ce eee he ere eee cae eee en ere ins cm cre es i se ee ee ee | 
T I Transfer IC to 
| Objectives: | | PAB(40-63) . 
| Transfer IC to Transfer IC to | . 
1. Update IC. | 
| al ose RAGSO 62) 2. Transfer result to D. | | | 
| | | Gate 8 to | 
| | PAA(40-63) . | 
J Gate 8 to Gate 8 to ; | 
| PAA(40~63) . PAA(40-63) . | | 
| | | Add PAA and PAB, and | 
| j | | transfer result to IC. | 
| Transfer PAL(40-63) Transfer PAL(40-63) l | 
to IC and D. to 1C and D. | | B 
! | ann Eee nee emer eee tee 
CSS aS aS ee ee Ho 
| ; Objectives: | 
| —---| -}—~--~---~--~--+------ 
Gate SDBO(0-63) 1. Refill Q, | i: Objective: ; 
to Q. 2. Transfer correct 
y halfword to R. | y Transfer SDBO(0-63) Refill Q. | 
| | to Q. | 
Transfer Q(0~15) ! | 
toR. | te ee eT eT PaO =a RTE ___J 
I | 


Normal end op. 


Branch end op. 


Diagram 5-504. Branch On Count, BCTR (06); BCT (46) (Sheet 2 of 2) 


7201-02 FEMDM (7/70) 5-504,Sh2 


Vv 4 Vv 5 Vv 6 


e RS. format: 


3 
7 o 78 VW i2 15 16 19 20 n 
RS I-Fetch. 


e Purpose: 


1. BXH-Add increment (3rd operand; in GPR, per R3) to Ist operand 
(in GPR, per R1), algebraically compare result (index) with comparand 
(in odd-address GPR specified by R3 or R3 + 1), and, if index is greater 
than comparand, branch to location specified by 2nd operand address. 


Obtain 3rd operand, 

comparand, from LS, 

and determine 

success of branch. 2. 


BXLE -Add increment (3rd operand; in GPR, per R3) to Ist operand 

(in GPR, per R1), algebraically compare result (index) with comparand 
(in odd-address GPR specified by R3 or R3 + 1), and, if index is equal 
to or less than comparand, branch to location specified by 2nd operand 


Determines location in doubleword address. 
of next instruction. 
1C(21,22) = 
11 or 00 
Determines if next instruction 
to be executed is contained in 
last halfword of doubleword 
requested during I-Fetch of 
the branch instruction. 
No 


Determines if branch 
is successful. 


{PAL=+ and 
E”)=d or 
{PAL=0 or -and 
EQ)=]] 


[PAL=+ ond 
E(7)=Q) or 
[PAL=0 or-and 
E(7)=1] 


No (Branch Unsuccessful) No (Branch Unsuccessful) 


No (Branch Unsuccessful) No (Branch Unsuccessful) 


Yes (Branch Successful) Yes (Branch Successful) Yes (Branch Successful) Yes (Branch Successful) 


Doubleword requested during Transfer index to 


|-Fetch is present at SDBO. GPR per E(8-11), 
Halfword transferred to R refill Q, and Transfer index to 
contains next instruction. transfer Q to R GPR per E(8-11). 


per D(21,22). 


| Allows selection of next 
1 doubleword in main storage. 

t Data requested during execution 
{ phase of the branch instruction 
is present at SDBO. 


Update IC, issue 
3-cycle storage 
request per IC, 
update IC, and 
refill Q. 


Branch end op. 


1C(21,22)=11 
or 00 


Because the branch instruction is 
unsuccessful and the contents of R 
have not been changed, R still 
contains the instruction that is 
located in the halfword 

following the last halfword of the 
branch instruction. Next 
instruction is decoded off R. 


Normal end op. 


During the end-op cycle 
the next instruction to be 
executed is decoded off R. 


Issue 3-cycle 
storage request 
per-IC, 


IC contains address of 
doubleword that sequentially 
follows the doubleword 
containing the branch instruction. 


‘Execute’ 
trigger set 


If yes, next instruction 

| occupies the last halfword of 

1 the doubleword in which the 

| branch instruction is located 

H and is presently in R. If no, 

{ data to be executed is 

| located in the Ist halfword 
of the doubleword requested © 

| during the execution of the 

I branch when the branch 

I instruction was found to be 

| unsuccessful , 


Data requested when it 
was found that the 
branch that was unsuccessful 
is present at SDBO, 


transfer first 
halfword to R. 


Update IC and Update IC, 
refill Q, refill Q, and 


Diagram 5-505. Branch on Index High, BXH (86); Branch on Index Low or Equal, BXLE (87) (Sheet 1 of 3) 


5-505,Sh1 (7/70) 


[PAL= + 
and E(7)=0] 


EZ)=1] 


Reset 'PSC' and 


per D(21,22). 


or [PAL=0 or -and 


Yes (Successful Branch) 


I 
| 
| 
| 
I 
| 
| 
| 
| 
Gate SDBO (0-63) | 
| 
| 
| 
| 
I 
I 
| 
| 
I 
I 


Diagram 5-13 
RS I-Fetch. 


Objectives: 7 
Set ‘instruction 1. Obtain 3rd operand. 
storage fetch' 2. Obtain comparand. 


3. Determine success of branch. 


trigger. 


Transfer T to B. : \ Places Ist operand 
into B. 
Transfer GPR to T | Places 3rd operand 

per E(12-15). into T. 


Transfer T to Adds Ist and 3rd 
PAA(32-63) . operands to 
determine index. 


Transfer B to 
PAB(32~63) . 


and transfer 
result to B. 


Transfer GPR to T | Places comparand 
per E(12-15) +1. into T. 
Transfer complement 
of T to PAA(32~63). 
Transfer B to 
PAB(32-63) . 


Add PAA and PAB 


| 
| 
a, 
I 
| 


Subtracts comparand 
I from index to 

determine successful 
branch, 


! 
rere Cake 


with result left 
in PAL(32-63) . 


| 
| | 
l 
| 
| | 
| | 
| | 
l 
| 

| | 
| | 
| 
l 
| | 
| 
| | 
| | 
| | 
| I 
| | 
| l 
Add PAA and PAB, 
| | 
| l 
| l 
| l 
! 
I 

| J 
| 
| | 
| | 
| l 
; l 
! l 
I 

| | 
] | 
| | 
| | 
I | 
| | 


1C(21,22)=11 
or 00 


[PAL= + 
and E(7)=0] 
or [PAL=0 or -and 
E(7)=1] 


No (Unsuccessful Branch) 


Yes (Successful Branch) 


Objectives: 


Transfer B to T. 


1. Transfer index to GPR 


per £(8-11). 
2. Refill Q. 
Transfer T to GPR 3. Transfer Q to R per 
per E(8-11). D(21,22). 
to Q. 


‘execute’ triggers. 


Transfer Q to R 


re a a ee ee ee ee 


~ Com D> . 


Sheet 3 


Sheet 3 


No (Unsuccessful Branch) 


Vv 5 Vv 6 


e@ RS format: 


“7 [a Tee] 
0 7 


8 Vi 12 1516 19:20 31 
e@ Purpose: 

1. BXH-Add increment (3rd operand; in GPR, per R3) to Ist operand (in GPR, per R1), 
algebraically compare result (index) with comparand (in odd-address GPR specified 
by R3 or R3 + 1), and, if index is greater than comparand, branch to location 
specified by 2nd operand address. 

2. BXLE-Add increment (3rd operand; in GPR, per R3) to Ist operand (in GPR, per RI), 
algebraically compare result (index) with comparand (in odd-address GPR specified 
by R3 or R3 + 1), and, if index is equal to or less than comparand, branch to location 
specified by 2nd operand address. 

e Conditions at start of execution: 

1, Ist operand is in S and T. 

2. Branch address is in D. 


3. 3-cycle storage request has been issued per D for the branch-to instruction. 


4. 1st 16 bits of instruction are in E. 


[PAL= + {PAL= + 


and E(7)=0) No (Unsuccessful Branch) and E(7)=0] Yes (Successful Branch) 
or [PAL=0 or -and or [PAL=0 or -and 
E(7)=1] E(7)=1) 


Yes (Successful Branch) No (Unsuccessful Branch) 


Objective: 7 


Transfer index to GPR 
per E(8-11). 


Transfer B to T. 


| 

fe ee 
| 

| 

l per E(8-11). 

| 

| 

! 

| | Sa 
| 

i 


Reset 'branch invalid 
address' trigger if set. 


ERRAND SCO ae SECO ee Pe re 


Sheet 3 


Diagram 5-505. Branch on Index High, BXH (86); Branch on Index Low or Equal, BXLE (87) (Sheet 2 of 3) 


7201-02 FEMDM (7/70) 5-505,Sh2 


Sheet 2 


cc-----c 


a WN— 


QE031 


Transfer D to 
PAA(40~63) . 


Issue 3-cycle storage 
request per IC. 


Set ‘instruction 


storage fetch’ 
trigger. 


Set ‘invalid 
1-Fetch address' 
trigger if invalid 
address is detected. 


Add 8 to PAB, and 
transfer result to 1C 


and D, 


Reset 'PSC’ and 
‘execute' triggers. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
J 
| 
| 
| QE041 
| 
| 
| 
| 
| 
| 
| 
{ 
| 
| 
| 
| 
| 
| 
J 
| 
| 
| 
| 
t 
| 
j 


Normal end op. 
> [_ Normal end ops 


Add 8 to PAA and 
transfer result to IC. 


Objectives: 


Update IC. 
Issue 3-cycle storage request per IC. 
Update IC. 


Refill Q. 


Updates D to obtain 
address of next 
doubleword. 


Transfer 1C to PAB, 


| Fills Q with next 
j doubleword. 


Gate SDBO(0-63) 
toQ. 


a ae ee eae ere 


Add 8 to PAB, and 
transfer result to 
IC and D. 


a--- 2222222222 --------------4 


eae ee 


Sheet 2 


Oat 


1C(21,22)=11 
or 00 


Yes 


QE031 


QE041 


Set ‘invalid !-Fetch 
address' trigger if 
invalid address is 


detected. 


Reset 'branch 
invalid address' 
trigger if set. 


ree == 


'Execute' 
trigger set 


Yes 


Reset ‘invalid 
!-Fetch address' 


trigger if set. 


Yes 


Objectives: 


| 1. Update IC. 
| 2. Refill Q. 


| 

I 

| 

I 

| 

| Updates IC for | | 
doubleword. | 
| 

| 

| 

| 

1 

| 


Objective: 


Issue 3-cycle storage 
request per IC, 


No 


Issue 3-cycle storage 
request per IC. 
fetch’ trigger. 


Set ‘instruction storage 


No 


\ Fills Q with next 
doubleword. 


T----- 


ms ees cae eames eee amie emer ORD renee come erm cones OE GS eee mn GS eee ee oem ees es ee eee ee oes eed 


] 
| 
| 
1 
[ 
| 
I 
| 
| 
| 
| 
1 
1 
| 
_ 


No JC(21,22)=00 


Transfer IC 
to PAB, 


Add 8 to PAB, and 
transfer result to 
IC and D, 


Transfer Q(0-15) 
toR. 


Branch end op. 


Diagram 5-505. Branch on Index High, BXH (86); Branch on Index Low or Equal, BXLE (87) (Sheet 3 of 3) 


5-505, Sh 3 (7/70) 


5 
rc 
| 
| 
| 
1 
| 
| 
I 
| 
| 
~ YT] 4 
| 2. 
| 3. 
i 
con ase 


Objective: 


Update IC. 


Update IC. 
Refill Q. 


Transfer -first halfword to R. 


Updates IC for 
doubleword. 


Fills Q with next 
doubleword. 


Sheet 2 


QE031 
Transfer D to 
PAA(40-63) . 


Add 8 to PAA, 
and transfer 
result to IC. 


—-------4 


Seige ea eee ed 


i 


ape 


Yes (RR Format) 


> Tronsfer last AB byte to 
R per ABC and STC, 


Diagram 5-22 


No 
Program interruption. ~ 
Prepare to modify Updating of D allows 


e@ RX format: 


0 78 112 


Vv 6 


3 vV 
a ee 


15 16 19 20 3 


e Purpose: Execute subject instruction at location specified by 2nd operand 


Execute or 
specification 


check 


Yes 


selection of doubleword 
following subject instruction 
of Execute instruction. 
PAL(61-63) is used 

by the ABC to select 
correct byte of subject 
instruction for modification. 


subject instruction 
and to update D. 


If yes, subject instruction is in 
last halfword. If no, in some 
other halfword. 


No 


Determine format 
of subject 
instruction. 


Determines if subject instruction 
is to be modified. 


Yes (No Modification) No (Modify Instruction) 


Determines if subject instruction 
has an RR format. 


No (Not RR Format) 


No (Modify Instruction) 


Transfer last AB byte to 
T per ABC and STC, 
generate 3-cycle 
storage request per D, 
and refill Q, 


Refill Q and AB, 
transfer Q to R per 
D(21,22), and add 
1 to ABC, 


Yes (RR Format) No (Not RR Format) 


Modify subject 
instruction, generate 
3-cycle storage 
request per D, 

and refill Q, 


Modify subject 
instruction and 
transfer to R, 
and set 'PSC' 
trigger. 


Test for pending 
interruption and 
set STAT G. 


Setting of the 'PSC' trigger and STAT G 
ensures the re-insertion of the 

original Q-data back into 

Q after completion of the subject 
instruction. 


Issue a 4-cycle. 
D request if the 
subject instruction is 
in the SS format 

and D(21,22)= 10. 


Branch end op, 


I-Fetch Execution Execution BEOP I-Fetch Execution 


Decrement 
IC, refill 
Q from 
original 
instruction 
flow 


ASC 
micro- 
program 


'PSC' trigger 


Diagram 5-506. Execute, EX (44) (Sheet 1 of 2) 


address. Subject instruction may be modified by Ist operand (in GPR, per R1) 
if E(8-11) is not equal to zero. 


Yes (No Modification) 


Refill Q and AB, and 
transfer Q to R per 
D(21, 22). 


Execute Instruction Subject Instruction 


Execution NEOP 


I-Fetch of 
instruction 
following 
Execute 
instruction 


7201-02 FEMDM (7/70) 5-506,Sh 1 


Diagram 5-22 


Program interruption . 


Yes No No . 
(RR Format, No (Not RR Format, (Not RR Format, (RR Format, Modify 
Modification) No Modification) Modify Instruction) instruction) 


pron ecco 


Objective: 


Transfer fast AB byte 
to R per ABC and 
STC. 


Transfer AB byte 
to serial adder’ 
per ABC. 


Transfer serial adder 
to T per STC. 
- Set 'PSC' trigger. 
Transfer T to R. 


eee ee 


a a ae i es am a ce rs ce eto a sci 


> Diagram 5-506. Execute, EX (44) (Sheet 2 of 2) 


5-506, Sh 2 (7/70) 


Wait 2 

storage cycles. 
Gate SDBO(0-63) 
to Q. 


a ee 
(i) 78 11 12 15 1% 19 20 31 


e@ Purpose: Execute subject instruction at location specified by 2nd operand address. 
QE051 Subject instruction may be modified by Ist operand (in GPR, per R1) if E(8-11) 
is not equal to zero. 


Execute or © 
specification 


ae @ Conditions at start of execution: 
chee 


1. Ist operand is in S and T. 


No 2. Address of subject instruction is ‘in D. 


poo oom oop on no nen nae 


Objectives: 3. 3-cycle storage request for subject instruction has been issued per D. 


i 
| 
| 
l 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Load STC te 111. 1, Prepare subject 4, Ist 16 bits of instruction are in E. 
instruction for 
modification. 
2. Update D. 
Transfer D to 
PAA(40~63) . 
Add 8 to PAA, and 
: transfer result to D. 


Transfer PAL(61~63) 
to ABC. 


Yes (No Modification) 


Objective: 


Determine instruction format. 


1 Places subject instruction into R. | 


Gate S$DBO(0-63) 
to Q and AB. 


No (Modify Instruction) 


Objectives: Objectives: aan | 


Transfer last 
halfword of 
QtoR. 


. Refill Q andR. 
2. Transfer Q toR 
per D(21,22). 

3. Add 1 to ABC. 


1. Refill Q and AB. 
2. Transfer Q toR 
per D(21,22). 


| 

| 

| 

| 

to Q and AB. | 
| 

| 
per D(21,22). | 
| 

| 

| 

| 

| 


Transfer byte of AB 
to serial adder 
per ABC. 


Places op code of subject instruction 
into serial adder. 


Logically AND 
1100 0000 (-64) 
with serial adder. 


Set 'PSC' and 
Add 1 to ABC. ‘execute’ triggers. 


Yes 


Objectives: _ A ‘71 


en po-- nn 


Objectives: 


1. Transfer last AB | 
byte to T per 
ABC and STC, 

2. Generate 3- 
cycle storage 
request per D. 

3. Refill Q. 


Objectives: 


--4------ 


1. Modify subject 
instruction and I 
transfer result 
to R. 

2. Set 'PSC’ trigger.j 


1. Modify subject 
instruction. 

2. Generate 3- 
cycle storage 
request per D. 

3. Refill Q. 


Transfer AB byte 
to serial adder 
per ABC. 


Transfer AB byte 
to serial adder 
per ABC. 


Transfer AB byte 
to serial adder 
per ABC. 


Logically OR 
serial adder with last 
byte of ST. 


Transfer result to 
ST per STC. 


Set 'PSC' trigger. 


Transfer T to R. 


Transfer serial adder 
to T per STC, 


Logically OR 
serial adder with last 
byte of ST. 


Transfer result to 
ST per STC, . 
Set 'PSC' trigger. 


Set: 'PSC' trigger. 


Issue 3-cycle 
storage request 
per D. 


Set 'execute’ trigger. 


Objectives: 


1. Test for pending interruption. 
2. Set STATG. 


Yes Interruption No 


pending 


Transfer R to E. 


Set STAT G, 


Inhibits interruptions that may occur 
between the Execute instruction 
and the subject instruction. 


| 

| 

| 

| 

| 

! 

3 
| interruption. 
I 

| 

| 

| 

| 

t 


Branch end op. 


2 Vv 


Diagram 5-13 


3031 
082 


Initialize. 


Assemble 
new PSW. 


Si I-Fetch. 


Yes (Problem State) 


Diagram 5-22 


Program 
interruption. 


Gate SDBO 
to ST. 


Transfer S(0-19) 
and 1(34-39) to 
PSW-register. 


Transfer T(40-63) 
to IC via parallel 
adder. 


Reset ‘machine check' 
‘supervisor call', and 
‘priority interruption’ 
triggers for IPL. 


Process address 
of next 
instruction. 


Set 'l-Fetch request' 
trigger. 


Issue 3-cycle 
storage request 
per IC. 


Transfer T to D 
via parallet 
adder. 


Reset 'PSC' and 
‘execute’ triggers. 


Add 8 to IC 
via paralle! 
adder. 


Reset 'IPL status' 
and ‘hold maintenence 
console IPL’ triggers. 


Reset ‘instruction length 
not available’ trigger if 
no program interruption. 


QE041 


Gate next 
instruction 
to R. 


Depress PSW 


External! Start; RESTART IPL 


Timer Exceptional 
Condition. 


pushbutton. 


‘operation. 


| Privileged operation | 


No (Supervisor State) 


t 


i Specification test. | 


Yes 


Diagram 5-26 


Common 
interruption 
routine. 


Enable I-Fetch 
invalid address 
test circuits. 


PSW FORMAT 


Interruption Code 


| 0 78 TT 2 15 16 31 


Next Instruction Address 


32 33 34 3536 37 38 39 40 63 


Note: ILC is changed when 
old PSW is assembled. 


Rat ne a ee Se ee paateeet| 


oe ee ee ES 


: Diagram 5-28 


Program store compare 


exceptional condition. 


Enable I-Fetch 
invalid address 
test circuits. 


Operation from this point on 
is the same as for the Branch 
On Count instruction following 


Gate SDBO 
to Q. 


Transfer Q to R 
per D(21,22). 


Add 8 to D, using the 
parallel adder, and 
transfer sum to IC. 


a successful branch. 


Issue 3-cycle 
storage request 
per IC. 


Add 8 to IC 
via parallel 
adder. 


Reset 'PSC' and 
‘execute’ triggers. 


Refill Q, 
if necessary. 


Branch 
end-op. 


Diagram 5-601. Load PSW, LPSW (82) 


Normal 
end-op. 


Vv 6 


[= Wag 


Load doubleword storage operand 
(designated by storage operand address) 
into CE, thus replacing current PSW, 
and branch to new instruction sequence. 


Conditions at start of execution: 
1. Ist 16 bits of instruction are in E. 
2. Storage operand address is in D. 
3. Storage request has been issued per D. 


New PSW is fetched from main storage address 
O when PSW RESTART or LOAD pushbutton is depressed. 


| Invalid instruction address 
exceptional condition handled 
| during next I-Fetch. 


2701-02 FEMDM (7/70) 5-601 


RR I-Fetch. 


Transfer B to 
T and D via 
parallel adder. 


Issue early end op 
2 cycles early. 


Transfer T(34-39) to 
PSW-register. 


1 = Sets new CC and 
1 program mask into 
current PSW, 


Normal end op. 


Diagram 5-602. Set Program Mask, SPM (04) 


5-602 (7/70) 


v j a 7 


Replace CC and program mask (bits 34-39) of 
current PSW with bits 2-7 of Ist operand 
(in GPR, per RI). 


Conditions at start of execution: 
1. Instruction is in E. 

2. Ist operand is in A, B, and D. 
3. 2nd operand is not used. 


Bits 2-7 of Ist operand may have been 
loaded from PSW-register by a previous 
Branch and Link instruction . 


Program mask format (set mask bit permits 
interruption): 

Bit 36 ~ Fixed-point overflow mask . 

Bit 37 - Decimal overflow mask . 

Bit 38 ~ Exponent underflow (floating-point) 
mask . 

Bit 39 - Significance (floating-point) mask . 


2 
= YA a 
0 78 


S! |-Fetch 1516 19 20 31 
. e@ Purpose: Replace system mask (bits 0-7 
QJ5031 and 16-19) of current PSW with byte 

designated by storage operand address 

and bits 0~3 of the following byte. 


e Conditions at start of execution: 
1. First 16 bits of instruction are in E. 
2. Storage operand address is in D. 
Vas 3. Storage request has been issued 
per D. 
@ System mask format: 


PSW(15)=1 
Problem 
State 


= ‘a [oo Power] 
Program 


oO 


78 1516 20 63 
Multiplexer channel A mask bit 
Selector channel 1A mask bit 
Selector channe! 2A mask bit 
Selector channel 3A mask bit 
Multiplexer channel B mask bit 
Selector channel 1B mask bit 
Selector channel 2B mask bit 

7 - External mask bit 

16 - Selector channel 3B mask bit 
17 - Multiplexer channel C mask bit 
18 - Selector channel. 1C mask bit 
19 - Selector channel 2C mask bit 


Set ABC to value of 
D(21~23) via parallel 


ABC will gate new system 
mask from input doubl eword. 


adder. 


QORWN HO 
riparadgs 


Gate SDBO to AB. 


Gate first byte of new sys- 
tem mask from AB (thru 


serial adder) into ST (0-7). 


Yes 


Request next doubleword 
(D + 8) from storage. 


Gate SDBO into AB. 


Bits 16-19 of this byte con- 
tain PSW data. Bits 20-23 


Gate second byte of new 
system mask from AB (thru 


serial adder) into ST (16-23). are ignored. 


Gate S (0-7) to PSW (0-7) 
and S(16-19) to PSW (16-19). 


Sets new system mask into PSW. 


Diagram 5-603. Set System Mask, SSM (80) 


7201-02 FEMDM (7/70) 5-603 


RR I-Fetch. 


QJ031 
18A 


Set ‘supervisor 
call’ trigger. 


Issue early end-op 
1 cycle before 
normal end-op. 


1 Requests supervisor 
§ call interruption. 


Diagram 5-23 | 


Supervisor call 
interruption. 


Diagram 5-604. Supervisor Call, SVC (OA) 


5-604 (7/70) 


Vv 4 v 


RR Format: 


Cause supervisor call interruption; replace old- 
PSW(24-31) with I-field (bits 8-15) of instruction, 
providing interruption code. 


Conditions at start of execution: 
1. Instruction is in E. 
2. E(8-15) contains interruption code. 


2 v 3 Vv 4 Vv 5 v 6 


e@ RR Format: 


| et |e | 


r) 78 Wi. 15 
RR I-Fetch. © Set storage key (bits 24-28 of Ist GPR, per R1) 


for 2048-byte storage block (addressed by 
QJj031 bits 8-20 of 2nd operand, in GPR per R2) 


into storage protection logic in main storage. 


e@ Conditions at start of execution: 
1. Instruction is in E. 
2. Ist operand is in A,B, and D. 
3. 2nd operand is in S and T. 
4. STC =4 and ABC =0. 


ABC selects key in 


Decrement ABC 
and STC. 


byte 7; @ Format of key in Ist operand: 


STC is set to 3. =! ih 
Nath ee ee /, F = 'fetch protect' bit 


24 272829 31 


e Bits 8-20 of 2nd operand designate 
which block of 2048 bytes in main 
storage is to have its key set. 


Transfer S$ to A via 
parallel adder. Transfer 
A minus 8 to D via 

parallel adder. 


Allows construction 
of STAT D loop. 


e ‘Set key' trigger: ALD MC181; 
STAT D: ALD KS051. 


| Privileged operation test. 


Yes (Problem State) 


No (Supervisor State) 


| Specification test. | 


Yes 


Program 


interruption. 


Transfer byte 7 of AB 
per ABC to F via 
serial adder. 


Places new key 
into F. 


Set key into 
even address. 


Add 8 to D via 
parallel adder. 


Issue 4-cycle storage 
request per D. 


Set 'set key’ and 

mark 0-7 triggers; 

set STAT D; gate F(0-4) 
to 'key in' bus. 


Forces Q refill because 
protection key of next | 
instruction(s) may be changed. 


Set 'PSC' 
trigger. 


Set key into I Repetition of above operation is made necessary by 


| the defeat interleave maintenance aid. 


odd address. 


_ Test if key has been 
set for the last time. 


—— sl 
Normal i. Set | 
end-op. STAT D. | 


Diagram 5-605. Set Storage Key, SSK (08) 


7201-02 FEMDM (7/70) 5-605 


RR I-Fetch. 
QJ031 


Transfer S to A via parallel 
adder; transfer A minus 8 
to D via parallel adder. 


Transfer B to T via parallel 
adder; set STC to 3, then 
set STC(0). 


No (Supervisor State) 


Insert 0's into F and 
T(56-63) by loading 
with SAL. 


Fetch key from 
even address. 


OR F into 1(56-63) 


via serial adder. 


Add 8 to D via parallel 
adder, and issue 3-cycle 
storage request per D. 


Set "insert key' trigger 
and STAT D. 


_'Key 
advance 
signal 
received 


Gate ‘key out’ bus to 
F(P,0-4), and restart 
CE clock. 


| Repetition of previous 
| operation made necessary 
odd address. | by defeat interleave 

i maintenance aid. 


Fetch key from 


‘Test if last 


fetch was made. 


| Fetch key 
twice more. 


aaa 


-—-- 


Diagram 5-606. Insert Storage Key, ISK (09) 


5-606 (7/70) 


| Specification test. | 


Allows construction of 


STAT D loop. 


LS will be loaded 


from T; STC = 111. 


| Privileged operation test. 


Geese 


Yes (Problem State) 


Diagram 5-22 


Program 
interruption. 


- Allows construction of 
STAT D loop. 


"Insert key’ signal is sent 
to storage, and CE 
clock is stopped. 


Yes 


OR F into T(56-63) 
via serial adder. 


T(56~63) contains odd 
| and even keys OR'ed 
together. 


Transfer T to GPR 
per E(8-11). 


Normal 
end~op. 


Vv 6 
RR Format: 
a ee i ee 


ni 15 


Insert storage protection key for 2048-byte storage 
block, addressed by bits 8-20 of 2nd operand 

(in GPR, per R2), into bits 24-28 of Ist operand 
(in GPR, per R1). 


Conditions at start of execution: 
1. Instruction is in E. 
2. Ist operand is in A, B, and D. 
3. 2nd operand is in S and T. 
4. STC=4 and ABC =0. 


Bits 0-23 of Ist operand are not changed; 
storage protection key from block of 
addressed storage is inserted into bits 24-28; 
bits 29-31 are set to 0's. 


Bits 8-20 of 2nd operand designate which 
block of 2048 bytes in main storage is to 
have its key inserted into Ist operand. 


"Insert key' trigger: ALD MC 181; 
STAT D: ALD KS051. 


Diagram 5-13 


Determine CE 
or 1OCE 
operation. 
Gate data to 


direct control 
bus (via G) 
on CE to CE 
data transfer. 


QJ041 084 


Set ABC to 
address of 


write direct 
data byte. 


Gate SDBO 
to AB, 


IOCE 


operation 


Yes 


(CE 


operation) 


Turn on See table 
‘timing gate' below for 
trigger. CE select. 


Data No 
transfer 


| Simplex line 
developed 
| from 12 oper- 
ation field 
gated to 
12 selected CE 
| via 
hardware. 


Gate databyte 
from AB to G 
per ABC, 


Turnoff 


‘timing gate’ 
trigger. 


QT041 


Diagram 5-607. Write Direct, WRD (84) 


Gate PSBAR 
to External 
register. 
Wait for 
response and 


condition 
code from 
selected 
IOCE. 


Develop PSBAR 
for IOCE in 
External 
register as for 
(/O instruc- 


tion. 


Gate constant 
| -t0.F; 


QK021 BBC 


Gate F (hex 
01) toT 
(48-55). 


Turn on 
‘timing gate’ 
trigger. 


Gate time- 
out constant 
from T to B. 


Decrement 
Bby 1. 


Set condition 
code to value 
received from 
IOCE. 


Turn off 
‘timing gate’ 
trigger. 


pow [oe fel oom | 


By decoding 
E(8-15), the 
proper IOCE 
is selected 
and a simplex 
line is 
developed to 
inform the 
IOCE of the 
operation it 
is to perform. 
See table 
below for 
possible. de- 
codes of 
E(8-15). 


Restart 
ROS Timer 


Gate B to 
PAL to check 
for timeout. 


PAL 32-63 
=0 


S| Format 


Purpose: CE-to-CE operation gates data byte or simplex 
control line to CE selected per !2 field. CE-to-IOCE 
operation gates simplex control line to [OCE selected 
per |2 field and sets condition code to value received 
from selected IOCE. 


Conditions at start of execution: 

1. Ist 16 bits of instruction are in E. 

2. Storage operand address in D. 

3. Storage request has been issued per D. 


Write Direct - 12 Field - E(8-15) Decode 


Pash ise stop 
IOCE 
Processor start 


Note: 
12 field decoding is done by hardware, and the select to the proper element 


is also hardware-developed. 


7201-02 FEMDM_ (7/70) 


5-607 


Diagram 5-13. 


S| l-Fetch 


Objectives: 


Gate data 
byte from 


§ direct control 
bus via F to 
B1+D1 
location in 
storage. 


QJ041 ¥ 


Set STC to 
address of 


read direct 
data byte. 


Delay 1.4 


Perform usec fo 
address store allow hold- 
in line to 


compare test. 
drop. 


Yes 


Gate direct 
control bus 
to F. 


Gate read 
direct data 
byte (F) to 
ST per STC. 


turn on 


Store read 
direct data 
byte per D. 


Turn on 
‘timing- 
gate' 

trigger. 


| Interrupts CE 
that sent 
data. 


QY041 


Turn off 
‘timing- 


gate’ 
trigger. 


QT041 


Diagram 5-608. Read Direct, RDD (85) 


5-608 (7/70) 


code 4) and 


machine check. 


v a v 


SI Format 


Purpose: Gates a data byte from the 
control bus to the byte location 


(specified by the BI, D1 fields) in 
storage. 


Conditions at start of execution: 

1. Ist 16 bits of instruction are in E. 

2. Storage operand address is in D. 

3. Storage request has been issued 
per D. 


(Read direct timeout) 


.ST Format 


Diagram 5-13, 


SI I-Fetch 


Objectives: 


Defeat 
Interleave 


8 9 


Determine if 
this is an 
operational 
kernel or a 
diagnostic 
kernal. 


Diag 
Flt 
10 


Operational MCW Format 


Diagnostic MCW Format 


E 
Bote ale Reverse cff ROS address D ee 
Fe hax nh rel [HY | wo |e 
0 12 


T 
678 1920 21 31 


5 
aoremepaeaee, 
| Lo Expected result L— picts timer 
Conditional terminate 
2 force Sadder FS Check 

3 reverse Mark Parity 

4,5: Reverse storage address req parity 

Start count on storage address compare 

Reverse SAB Tag parity 


State 0 Yes 
or Test 


B2B' 


Set scan 
mode. Gate 
SDBO (0-31) 
to T and 

SDBO (0-63) 
to AB. 


F-1+F 
(FD hex in F). 
Gate - SDBO 
(0-31) to $ 
and SDBO 
(0-63) to AB. 


Storage 
encode 


32 35 36 =. 39: 40 


Exclusive or 
Contents of F 
and Contents 
of S (byte 1) 
FD ¥FD=0 


Wrap DE 

Reset Check Regs 
Invert Ext Reg Parity 
Set Diagnose SE] 
Force D. G. Request 


Diagnose Reverse 
normal op. 

$ (0-31) to T. 
Set scan 
mode. 


No 


When the CE is in state 3, 
2, or 1, the |2 field of 
the diagnose instruction 
and all MCW bits 

except 32-35,50 and the 
address bits (8-19) are 
degated and have no effect. 


= T(32-39, 52) to MCW (0-7,20). 
et scan | T(53-57) to Add seq. T(58-61) 
paver os I to FLT Ctr. T(62-63) to 
Pee ae | FLT Ctr. B(32-51) to 
erate MCW (32-51). E(8,9) to 

| ° interleave control. E(10) 
oo l to diagnose Flt tgr. 


Diagram 5-22 meee 


- Program 
Interruption. 


Reset scan 


mode. Set 
spec error. 


Reset 'scan 
counter 


Hardware Blocks Reset 

of Scan Counter Control 

| ‘Trigger and Latch if 
MCW (6) = 1. 


control! 
trigger and 
latch. 


Reset ‘scan 
mode'. Gate 
T(40-51) to 

ROSAR (0-11). 


MCW(8-19) 


Branch to 
forced ROS 
address. 


Sheet 2 Sheet 3 


Diagram 5-609. Diagnose (83) (Sheet 1 of 3) 


7201-02 FEMDM (7/70) 5-609,Sh1 


Table 1 


Branch on 
ROS 
Address 
(See note 1) 
© FDO (hex) 
QQi71 : 
E3 = 0 and STAT H off mean logout complete. 
Log main store. 
B Y FDI (hex) Update ABC 
and STC to 
~ QQIz71 point to next 
logword. 
Reset checks. 
_ Request next 
> FD2 (hex) Normal word per 
ABC. 
end-op. 
QQI81 
Log LS 
registers, Ingate logout 
word to AB, 
: Set 24 toE 
Epa he) Reg (11-15). 
Gate A 
register to 
Set DAR mask. LSWR. 
Decrement E 
Fetch DAR Reg (11-15) 
aoe rem By I Gate B to T 
(MCW +8). and LSWR to 
Ss. 
| Read LS Reg 
Store DAR. per E(11-15) 
to S. Update 
store address. ee ene 
Store DAR ig 
FDS (hex) with good wae 
parity to 
MCW + 8. 
Define Turn on Sean 
storage. mode. STC=7 
(six nah 
stored 
FD6 (hex) Scan left 
word L/S Yes" 
cdi Reg te tee Hardware sends 
ity bits). 
piel Nionnal Spee Dis) | Logout complete 
Interrupt end-op. Nera | to SE/DE. 
register. en “op 
tS. 
Gate PIR Gate storage Seeman 
to F. definition to 
‘QQ181 J FD7 (hex) 
Logout 
registers. Store LS 
O01 to E register and 
Reg 11-15 parity bits. 
Store F in 


byte 3 of word 
following 


Set STAT H. McW. 


Gate 13 to 


Floating 
Add. seq 


Point 


Set marks 
turn off 
Scan mode. 


Gate PIR to F. 


Store F in 
byte 3 of | Set marks 
. Branch on See table 1} 
word following turn off 
> MCW. E3=0 and STAT H | above. ae 


Gate CCR to 
Ss. 


G Turn off 
; @ Gate ATR 2 STAT G. 


to S. Turn 
on STAT G. 
Note 1. 
The Diagnose instruction may branch to a 
ROS address; only the most frequently use 
are shown here. 


Branch on 
STAT D and 


No STAT G 


Gate DAR ATR 1 to S 


to S. turn off Check reg 2 External reg DAR mask to | 
Turn off STAT D to S. Turn on to S. Turn S. Turn on 
: STAT G. on STAT D. STAT G. 


STAT G, H 00 to E 11-15 


> Diagram 5-609. Diagnose (83) (Sheet 2 of 3) 


5-609, Sh2 (7/70) 


2 


Sheet 1] 


Branch on ROS 
address 
(See Note 1) 


000 (hex) 


010 (hex) 


5B0 (hex) 


6B0 (hex) 


6B7 (hex) 


7CE (hex) 


7CF (hex) 


ADI (hex) 
AD2 (hex) 
AD3 (hex) 
Qai71¥ 
Wrap DE. 


If MCW (6) is set, then 
hardware decrements the 
cycle counter by 1 (one) 

for each ROS word executed. 
When the cycle counter 
equals 0, SOROS trigger 

is turned on and a logout is 
taken. 


Notes: 


1. The Diagnose instruction may branch to any 
ROS address; only the most frequently used~ 
-are shown here. 


2. Log-on-count bit of the CE's MCW may be 


used to branch from this loop. 


QY051 3. ROS word 000 purposely contains even 


Force machine 


check (see 
Note 3). 


Set 'error' 


Sak trigger. 


Normal 


end~op. 
Diagram 5-19 


Machine check 


interruption. 


QyY001 


Store DTA 


switches. 


Load Is into 


QyY011 


i 
Partial 
scan In 


Reset ST per 
de-active 
DATA 

switches. 


QJ031 


Force parallel 
adder full- 


Issue 3=cycle 
storage 
request per 

D (MCW + 8). 


sum parity 
check. 


: Normal 
QY051 end~op. 


Ripple read 
from LS. 


Ripple write 
into LS. 


Diagram 8-19. 


Storage 


A] ripple loop 
noe (see Note 2). 


Logout FAA. 


QY01] 


Full 


scan in. 


Gate first 
word wrap 
data to 

LSWR. 


Gate first 
word wrap 
data to S. 


Gate second word 
wrap data to T. 
Store wrap data. 


(Second 
doubleword) 


No — (First 
Doubleword 


Turn on 

STAT D. 

Norma! 
end-op. 


Diagram 5-609. Diagnose (83) (Sheet 3 of 3) 


(incorrect) parity. 
Diagnose instruction without specifying 
ROS address in the fetched MCW 

results in a machine check interruption. 


Therefore, use of 


Set 13 to address 


sequencers. Turn 
on Scan mode. 


Scan out S 
reg parity. 
Save in 


LSWR. 


Scan out S 
register to T. 


Issue main 
store request. 
Set marks. 

Store word. 


Decrement 
address 
sequencers. 


Scan out left 
word to T. 
Save in - 


LSWR. 


Scan out 
right word 
to T. Left 
word to S. 


Make storage 
request. Set 
marks. Store 


Turn off 


Sean mode. 


Normal 
end-op. 


| Objective: 

To duplicate machine 
logout from word 13 

thru word 0, putting 
| data in storage following 
| MCW, then going to 
i end-op without taking 

a machine check interrupt 


eee aa 


7201-02 FEMDM 9 (7/70) 5-609, Sh 3 


Diagram 5-13 
St l-Fetch 


B Objectives: 


A Assemble all data required 
for IOCE into a one-word 


format and gate it to 
External register. 


QK021 
Gate D (channel and unit 
addresses) to B. 


> | i d physica 7 <3 Y 
to S(0 ~ 7). 


Replace logical PSBAR bits 

9-12 (141-44) with physical | 
. PSBAR to build the PSBA 
for IOCE. 


Gate channel address from 
B(48-55) to S(16-23). 


wT 


Shift 
left 


one SAL 
Save T(40-47) (PSBA bits’ 
— ~ ee 
44 47 0 3 


| costo | S toT. | 
: | 
bee 


0000 
Gate F back to T(40-47). 
> Gate T to External register. : fs 
Ou SAL ‘ 
me] aw 7 
; External 6s O8 40147 
Gate £(5-7) to External Pa Ee ie 
register bits 29-31. 0 7 9 1920230 2 31 three: bits of op code are 


sent to IOCE for decoding. 


Objectives: 


54 
& 


Issue a select to the correct 
u JOCE. 
5 Gate External register to 
A control bus. 
B Wait for condition code to 
return from IOCE. 


> Shift 
; right 
one PAL 


+e The correct IOCE select is 
Turn on ‘timing gate' develo : 
. ped by decoding the 
Pragerond: STEED, | contents of D, bypassing the 
| Select register. ‘Timing Gate’ 
trigger and STAT B gate Ex- 
ternal register to control bus. 


e@ SI Format 


3a Bye |_| 


e@ Purpose: Assembles data required for 
1OCE to execute the 1/O instructions 
into a one-word format and gates it 
ie the proper IOCE via the control 

Se 


Set timeout constant in B. 


e@ Instructions 


Condition Code 
- Op 
Operation CSW Channel 
9C s initiated stored busy 
} CSW Channel 
Available stored busy 
Interrupt CSW operation 
pending Stored terminated 


Response 
received from 


1OCE 


‘Restart 
ROS Timer’ 
from 


JOCE 


Set condition code 
to value received 
- from IOCE 


register = 0 


Interrupt 
pending 


Set condition 
code to 3 


Decrement B by 1 
* = Not operational or invalid 1/O address format 


@ Conditions at stort of execution: 
1, Ist 16 bits of instruction are 


in E. 
Turn off 'Timing 2. Operand address (address of 
G Gate' trigger channels and I/O unit) is in D. 


> Diagram 5-701. I/O Instructions 


5-701 (7/70) 


2? Vv 3 Vv 4 v 5 Vv . 6 


e RR Format: LT 


ce 


0 78 1d 12 15 


e Purpose: Loads identity of CE executing instruction 
into bits 28-31 of GPR specified by R1 field. 


Diagram 5-9 


RR I-Fetch 


CE Wentlty. 
(Mochine Wiring) 


mF 


Objectives: 
Gate identity to F(4-7). 
Transfer identity to T. 
Store identity ina 

GPR (28-31). 


5 617 
4 7 
Ale 
32 63 
Kentity in 26-31 


Diagram 5-801. Load Identity, LI (0C) 


7201-02 FEMDM (7/70) 5-801 


Diagram 5-802. Insert ATR, IATR (OE) 


5-802 (7/70) 


RR 1-Fetch 


QQ101 


Objectives: 
Gate ATR2 to T (0-07). 


Store ATR2 in GPR 
specified by R2 field. 


Gate E (8-15) 
to A (24-31) to 


save R] value. 


Shift E(8-15) 
left 4 to move 
R2 to RI position. 


Store ATR2 
in local store 


R2 in E (8-11). 


Objectives: 
Gate ATR? to T(32-63). 


Store ATR1 in GPR 
specified by R1 


Restore R1 field 
in E (8-11). 


Store ATR] in 
local store per 
R1 in E (8-11). 


< 


Vv 6 
e@ RR Format 
0 78 WW 12 15 


e Purpose: Places contents of ATR1 and ATR2 into 
two GPR's specified by R1 and R2 fields. 


@ RR Format 


Diagram 5-9 : di 8 


e Purpose: Provides a variable delay (256 usec x N) 
RR I-Fetch dependent on the value of N. 
© Conditions at the beginning of execution: 


Instruction and N are in E. 


Save count in 
Reset F register K register. 


to zeros. 
Turn on STATA. 


Execute timer 
update microprogram. 


Stop-1 and Stop-2 


micro-orders stop CE 
clock for 5 cycles. 


Any 
pending 
interrupt Normal timer update 
microprogram End Op. 


value equals 


256 


Subtract 1 from E(8-15). 


Diagram 5-803. Delay, DLY (0B) 


7201-02 FEMDM (7/70) 5-803 


Diagram 5-13 


SI l-Fetch 


QQ041 


Objectives: 
Combine logical and 
physical PSBAR in S$ 


and T. 

logical Physicol 
Store S or T in main PSBAR PSBAR 
storage word location 

9 19 9 12 


specified by Ist 
operand address. 


9020 Out Bus 


Gate logical and physical 
PSBAR into S(9-19) and 
T(41-51), and S(28-31) 
and T(60-63) respectively. 


0 89 63 
ad 
0 31 


PAL 


Yes 


Specification error. 


Specification error occurs if: 
1. The operand address is 
not on a word boundary. 


Force ROS address-010. 


This was done 
during S! 
|-Fetch 


Build operand address 
in D by combining 
the base register 

and displacement. 


Store PSBAR's in 


a 
~ 
~~ 
~~ 
~ 
~ 


main storage per D 
(operand address). 


Make address store 


compare test. 


PAL 40-63 = 0 or 
1C 21, 22 = 11 and 
PAL 40-62 = 0. 


Did eC 
the store 
overlap the fetched 
instruction 
stream 


Set address store 
compore trigger. 


Diagram 5-804. Store PSBAR, SPSB (A0) 


5-804 (7/70) 


“aaa 


Ot Field 


Sls 


e SI Format 


[~~ UYWA* | 7 | 


0 78 15 16 19 20 a 


© Purpose: Store’ contents of logical and physical 
PSBAR in bit positions 9 - 19 and 28 - 31, respectively, 
at the word location in main storage (specified by 
Ist operand address). 


e Conditions at the beginning of execution: 
1. Ist 16 bits of instruction are in E. 
2. Operand address (address to store PSBA) is 
inD, 


2 Vv 3 Vv 4 Vv 5 v 6 


e SI Format 


7// 


0 7 1S 16 19 20 31 
@ Purpose: Load logical PSBAR from a storage location pointed to 
by the operand. Load physical PSBAR from an ATR slot (selected 
Diagram 5-13 ; by bits 9-12 of the newly fetched logical PSBA). 
e Conditions at beginning of execution: 
SI l-Fetch 


1. Ist 16 bits of instruction are in E. 
2. Operand address (address of new PSBA) is in D. 


Q0041 


Objectives: 
Check for specification errors. 


Read new PSBA toT. 
Correct T (byte 6). 


Yes 
ne Specification error. Specification error occurs if: 
Force ROS address-010 1. The operand address 
specifies other than 
a word boundary. 
Problem Yes 
state 


Main storage request 
per D(new PSBA to T). 


Set T(52-55) to zeros 
(possible extraneous 
bits), and correct 


byte 6 parity. 


STC outgates and ingates 
the proper ST byte. 


‘Objectives: 
Check that new PSBA is 
a valid address. 


Load logical and physical 
PSBAR. 


Make a main storage 
request per D (check 
for valid address). 


The new PSBA must be: 
1. Within an SE which is 
currently specified in ATR. 
2. Within a properly 
configured SE. 


Invalid 
address 


No 


Specification error. 
Force ROS Address-010. 


Load logical PSBAR | Bits 9-12 of logical PSBAR select 2 wv 
from T(41-51) and _an ATR position. The contents of LOGICAL 
physical PSBAR from oa | that slot are set into physical PSBAR 
appropriate ATR slot. PSBAR (9-12). 9 2 


{ : ATR 


Diagram 5-805. Load PSBAR, LPSB (A1) 


7201-02 FEMDM (7/70) 5-805 


t 
Objectives: e@ SS Forma 


Make word overlap test. ; ee ee ek ) pi] Bz |} 


Make address boundary test. 0 78 1516 19.20 3132-3536 47 


@ Purpose: Méves up to 256 words from one storage location 
(B2, D2) to another storage location (B1, D1). The number 
of words to be moved is specified by the L-field. 


Note: 
Normally, SS instructions save 
the instruction address in LSWR. 
However, the MVW instruction 
may require use of LSWR for 
operand alignment. 


Save next instruction 
address in K. 


e@ Conditions at the beginning of execution: 
-1. Source address is in IC and T. 
2. Destination address is in D. 
3. Updated IC is in LSWR. 


Request Ist doubleword 
of source (B2, D2) per 
1c. 


Gate the 3 low-order 
bits of destination ABC and STC are used to 
address to STC. check for boundary error. 

The addresses must be on word 
or doubleword boundaries. 


Gate the 3 low- 


order bits of source 
address to ABC. 


Update the source 
address by 8. 


Gate Ist doubleword | 


Word Overlap Test: 


of source into S and T. | Word Overlap exists if starting address of destination field is one or two words higher than starting 


address of source field. This condition propagates the first source word (or doubleword) through 
storage for the number of words specified in the L-field. Once the word or doubleword of source 
data has been fetched by the CPU, further fetches are not necessary, and repeated stores can be 
mace per the destination address. 

Because both fields must start on a word or a doubleword boundary, four possible word overlap 
conditions can occur. These are: 


Subtract the destination 
address from the source 
address + 8 to test for 

doubleword overlap. 


A constant (4) in T is subtracted 
1 from this result to test for single 
word overlap. 


Word Yes 


overlap — 
Condition 
Set STATA 


Store right source May be required for 
word (T) into LSWR. subsequent operand alignment. 
Subtract 1 from 
STC and ABC. 
Subtracting 1 makes the values 
ef mend. 7 ne core) Bie: 4. Source is on a word boundary 


| Destination Fiel 
Destination is on a word boundary. | | ee 
No 
" L 
—— ee ee 7 Note: If the source and destination addresses differ 
: by one word, that word is propagated throughout the 


| destination field. If the difference is a doubleword, 
No (Source address not on correct boundary. ) that doubleword is propagated. 


Overlap conditions when: 


| | Source Field | 
1. Source is on a doubleword boundary. | 
: | | Destination Field 
| 
| | Source Field l 
2. Source is on a word boundary. | 
| 


Destination is on a word boundary. 


| eee 
Destination is on a doubleword boundary. | Destination Field 


Source Field 


3. Source is on a doubleword boundary 
Destination is on a doubleword boundary 


ABC and STC values will be 
4 or O if the addresses are on 
word or db!-word boundaries. 


Destination Field 


Source Field 


| 


(Dest. address not on 


correct boundary. ) 
No 
: > 
Yes 


Source is ona 


Source and destination are doubleword boundary 
both on doubleword and destination is on 
boundaries. single word boundary. 


Source and destination 
are both on single 
word boundaries. 


Source is ona 
singleword boundary 


and destination is on a 
doubleword boundary. 


Sheet 2 Sheet 2 Sheet 3 Sheet 3 


Diagram 5-806. Move Word, MVW (D8) (Sheet 1 of 3) 


5-806, Sh1 (7/70) 


Sheet 1 


Source = Dblwd Dest. =-Dblwd Sheet 1 


Objectives: 
Check the word count; if 
zero store 1 word; if not 
zero, store 2 words, Source = Word Dest. = Word 
Check for source/destination 
field overlap, which will 
allow high-speed moving. 


Objectives: 
Store the Ist word and check 
for a word count of zero. 


If not zero, check for source/ 
destination field overlap, 
which will allow high-speed 
moving of words. 


A word count of zero 


causes 1 word to be moved. 


Set marks 0-3 
and store S. 


Set marks 4-7 
and store T. 
Subtract 1 from 
the word count. 
Subtract 1 from 


Conds 


No No 


| A word count of zero causes 
1 word to be moved. 


| STAT A is a function of 


previous word overlap test. 
> No (Nérmal move doing both fetch and store cycles) 


Yes (Word overlap - only store cycles required.) 


Objectives: 
Fetch from source field and 
store in destination field 
until word count equals zero. 


Make a storage request 
per !C and gate the 
data to S and T. 


Subtract 1 from 

word count. 
Update the destination 
address + 8. 


Objectives: 
Make 1 source fetch if both 
addresses are on word boundaries. 
Store source data contained in S 
and T in destination field. End- 
op when the word count equals 
zero. 


Subtract 1 from 
word count. 


STAT D on if both 
source and destination 
are on word boundaries. 


No more source fetches are 
required if both addresses are 


on double-word boundaries 


Set marks 0-3 


and store S. 


Fetch next source 


Set marks 0-7 and 
double-word into S and T. 


store S and T. 


+ 
Update destination address + 8. 
address + 8. 
Subtract 1 from 
word count. ‘ 


Subtract 1 from 
word count. 


Set marks 0-3 
and store S. 


Set marks 0-7 and 
store S and T. 


_ Gate K to IC. (Next 


Subtract 1 from 
word count. 


<> 


Diagram 5-806. Move Word, MVW (D8) (Sheet 2 of 3) 


instruction address). 


Make a storage Address store compare 
request to refill Q. is always assumed. 


7201-02 FEMDM (7/70) 5-806, Sh2 


Sheet 1] Sheet 1 
Source = Dblwd Dest. = Word Source = Word Dest. = Dblwd 


Objectives: 

Gate source word | to Sand T. 
Store 1 word if the count field 
is zero, 

Check for source/destination 


Objectives: 

Check for source/destination 
field overlap, which will 
allow high-speed moving. 
Gate source word 1 to S and 
T, and enter the high-speed 
move routine if STAT A is on. 
Enter the normal move routine 
if high-speed is not possible. 


field overlap, which will allow 
high-speed moving of words. 
Store source word | to align 
destination field to doubleword 
boundary. 


Gate StoT. (S 
and T now contain 
source word 1). 


No 
Set marks 4-7 
and store T. 


Subtract 1 from 
the word count. 


Make a storage 
request per IC 
for source data. 


Set marks 0-4 
and store T. 


STAT A was set if a word 
| overlap condition existed. 
(See sheet 1.) 


(Word overlap-only store cycles required.) 


STAT A was set if a word 
overlap condition existed. 


(See sheet 1.) 


Objectives: 
Repetitively store the 
contents of S and T in 
the destination field. 
End Op when word count 
equals zero. 


Update destination 

address + 8. 
Subtract 1 from 
word count. 


E(8-15) 
= negative 
value 


Objectives: 
Gate source word 1 to S and T. 
Store 1 word if the count field 
is zero. 

Check for source/destination 
field overlap, which will allow 
high-speed moving of words. 
Store source word 1 to align 
destination field to doubleword 
boundary. 


, Update destination 
address + 8 : 


Make a storage 
request per IC 
source data. 


Gate new source 
data to S and T. 
Update source 
address + 8. 
Gate new left source 
word to PAL. 


Gate previously 
saved source word 
from LSWR to S. 


No 


E(8-15) 
= negative 
value 


(It was zero at the start- 
store only 1 word.) 


Set marks 0-3 
and store S. 


Set marks 0-7 and 
store S and T. 


Subtract 1] from 
word count. 


E(8-15) 
= negative 
value 


Gate new right 
source word (T) 
into LSWR to save. 


Subtract } from 
the word count. 


£(8-15) 
= negative 
value 


Gate next instruction 


address (in K) to IC. 


Make a storage 
request to refill Q. 


Gate PAL (new left 
source word) into T. 


Set marks 0-7 and 
store S and T. 


Subtract 1 from 
the word count. 


E(8-15) 
= negative 
value 


Diagram 5-806. Move Word, MVW (D8) (Sheet 3 of 3) 


5-806, Sh3 (7/70) 


e@ SI Format: 


Objectives: 
Align key and address 
in external register. 
(Key in bits 0-3 and 
address in bits 4-27.) 


Key Serbs] 8 [or 


15 16 19 20 3 


0 7 


e Purpose: Transfers storage key and PSW address to selected IOCE. 


Sey The IOCE fetches the new PSW and proceeds with the operation 


i designated by the PSW. 


Gate key from 


E(8-11) to B(60-63). Pd 


60/63 


40 | 63 
Gate D(0-23) Shift we 
to T(36-59). Left 4 
PAL 
L 


32 63 


Gate B(60-63) 

to T(32-35). 
Gate T to 
external register. . 


Objectives: 
Gate IOCE select 

bits to select register. 
Issue select to IOCE. 


NN fay 7 
~~ 
arn 2 |» 
“N 
“N 


External , 
Key {PSW Address) O's 
0 34 31 


24 25 


1215 


Gate T to 
select register. 


Turn on STAT B and | Activate select to IOCE 


IOCE 
Select Bits 


‘timing gate’ trigger. 


Objectives: 


Wait for condition code 
to return from LOCE. 


Set timeout 
constant in B. 


Decrement B by 1. 


*Restart 
Timeout' 
received from 


1OCE 


Gate B to PAL to 
check for timeout. 


Response 
from IOCE 


Set condition code 
per value received 


from IOCE. 


PAL Decremented valve 
(32-63) =0 \ back to B. 


Yes 


Set condition code to 3. 
Turn off 'timing 
gate’ trigger. 


Diagram 5-807. Start I/O Processor, SIOP (9A) 


7201-02 FEMDM (7/70) 5-807 


2 Vv 3 Vv 4 v 5 Vv 6 


nieve : : | [om ot aie 


e@ Purpose: Loads the address translation register: 


QQ021 7 a (0-31) from the GPR specified by R1, and (32-39) 
xy from byte O of the GPR specified by R2. Byte 3 of 
the GPR specified by R2 is the selection mask, ‘and 
Objectives: z the response bits are set into byte 2. 


Check select mask for O's. 
Check ATR slots 1-5 fora 
valid SE frame specified. 


@ Format of GPR specified by: 
1. RI 


SE or ; SEor ; SEor 
Sel Set oe lose: Seely 


Gate ATR word 2. R2 

2 (S) to B 

(slots 9 and 10). ees te SE or l SE or l Response Selection 
DE * DE * Ignored | Bits ** | Mask ** 


* = 9020 E onl 

Gate select mask ** = [Response | Selection | CE or IOCE 

from §(24-31) to SAL. TE tee Bits Mask Designated 
16 Cc 


nof used 
IOCE 1 
IOCE 2 
1OCE 3 


No Set condition : ; 
code to 3. e@ Conditions at the start of execution: 
1. 


Yes (No elements selected) 


Instruction is in E. 
2. ATR word 1 is in A and B 
3. ATR word 2 is in S and T. 


Gate ATR slot (per Upon entry: ABC = 0, 
ABC) from A to F | STC =3. ABC gates two 
for validity check. ATR slots to serial adder 
| bus. Micro-orders gate 
| the correct ATR slot thru 
the adder, position 0-3. 


0 78 15 16 2% 


Gate ATR slot 


from F to decode 
and checking logic poet me 


Valid SE 
specified 


Reset STAT C 
and set ‘hold- 
invalid’ latch. 


One circuit for each 
' . s, 
t Hold this latch prevents setting “ poche if _cfrome in system 
invalid jof STAT C after an invalid aed 
oye rd il i 
latch jcondition is detected. ; 
bal ld Frame decoded and not in system 
Frome Decoded 
a Not STAT A DE's ae ae GH for ig Sy , | 
Set STAT C : | 6-10 Decoded Z she eno. is on for el a 
| CCC System T 
| 


STAT C is checked 


NI later. If off, a 
H specification error 
2 occurs. 
Sheet 1~Fetch reset | Rst Hold Invalid Latch wi 
Yes F(0-3) Not Zero 

(Not) Second Half Block Set 

+ Somple Valid Gate (Activated by ‘sample Bxvalue’ 

micro-order to sample each ATR slot's contents.) 


Step STC +1. 


Step STC and ABC +] 


Diagram 5-808. Set Address Translator, SATR (OD), Execution in Issuing CE (Sheet 1 of 6) 


Reset Stat C 
> Yes (Slots 1-5 checked) ; 
. : Not Frome 1-5 | 1 
Not Frame 6-10 A ‘ 
F(0-3) Not Zero ane \ 
nvalii 
No eS im 


5-808, Sh1 (7/70) 


Sheet 13 


Objectives: 

Check ATR slots 6-10 for 

a valid frame specified. 
Check for specification error. 


Set STC to 3. (set up. 
for counting slots 6-10) 


Tum on STAT A (to check 
slots 6-10 for DE's 
specified), 


Gate ATR slot (per 
ABC) from A (B for 
slots 9 and 10) to F. 


Gate ATR slot from 
F to decode and 
checking circuits. 


Valid 
frame 
specified 


No 


‘Hold- 
invalid’ 
latch 


Set STAT C. 


Step STC +1. 


Diagram 5-808. Set Address Translator, 


Step STC and ABC +1. 


3 4 5 
On a 9020D slots 6-10 
are SE. Ona 9020E slots 
6-10 must specify DEs. 
Reset S for subsequent 
transfer of selection mask. 
eee, oe 
16 232% 31 07 
- = ABC 
On a 9020D, STAT A is Pe etaste 
turned on but the check for 7 Lae 4 
DEs is degated by 'CCC Ps 
system’ being active. A 7 
jumper activates 'CCC system’. 2 7 
7 
xm 
Upon entry, ABC = 0, STC =3. [AX ee 
ABC gates two ATR slots to 03 
serial adder bus. Micro orders 
| gate the correct ATR slot thru anki tile 
! the serial adder, positions 0-3. Pat 
_ Jumpered if Pid ce 
on system, Pre a we 
-. 7 
[oxo | P| Frame Decoded and Not on System 


On a 9020D, the valid frame 
isan SE. Ona 9020E, the 


valid frame is a DE. 


Frame Decoded 


Invalid 


STATA SE's 
1-5 Decoded 

Reset STAT C and set 

‘ P . 

"hold-invalid' latch CCC System | 
Not Frame 1-5 Not Valid 
Not Frame 6-10 r 
F({0-3) Not Zero 


This latch prevents setting 


of STAT C after an invalid 
condition is detected. 


Reset STAT C 


Hold 
Invalid 


I-Fetch Reset NI Rst Hold-Invalid Latch 


F(0-3) Not Zero 
(Not) Second Half Biock Set 


Sample Valid Gate (Activated by somple Csvalue 
micro-order to sample each ATR slot's contents.) 


No Set specification error. 


SATR (0D), Execution in Issuing CE (Sheet 2 of 6) 


7201-02 FEMDM (7/70) 5-808,Sh2 


Sheet 2 
Ley Select Register Bit Position Assignments 
3 ese “4 es ne ZA 
_ — — kei LALO 
Objectives: at ed BE, ==S 
A Gate CE and IOCE select ot ee 

bits into proper select - Note: 
fegister bitposlt(5ies Only the CE (bits 20-23) and IOCE (bits 29-31) 


Issue Ist SATR select 
to elements. 


positions are used on SATR. 


Set ABC to 7 
and STC to 3. 


ABC and STC are serial 
adder bus gates for A, 
B, S, and T registers. 


CE bits 
bits to F(4-7). 


Vv 
| 
| 
| 


Gate IOCE select ae 

bits to $(29-31). PS, 

> ~~ 
~N — 
NN. 

> Decrement STC to 2. oe 

™s 

oe 


Gate CE select Te 


to S (20-23). 


oa 


61 _ 63 


@—-jA8C =7 
o| sal 7 


Zeros 


Gate S to select 


register (via T). Nn 


Put Ist select time ™ 
constant (CO) in F. | es 


Issues Ist SATR select to 

r elements. A selected element 

that does not have the issuing 
CEs scon bit on will not respond. 


D a [__ 2 Issuing CE ta 
Add 1 to F. — eee eee ee el ! 
- SATR select to [OCE 1 { 
Pe a ee iming ‘igge: | 
Delay 1 cycle. | This delay loop holds | 
| SATR select active for | 
& approximately 25.6 usec. 


Yes . 
Turn off 'timing 
gate' trigger. 


Sheet 4 


a 
4 


gate' trigger. 


Turn on ‘timing A 
| 
| 
| 


Diagram 5-808. Set Address Translator, SATR (OD), Execution in Issuing CE (Sheet 3 of 6) 


5-808, Sh 3 (7/70) 


Sheet 3 


Objectives: 
Check for all responses 
to Ist SATR select. 


Send ATR Slots 1-8 to 
selected elements. 
Load own ATR if select 


mask specifies this CE. Timing Gote Trigger 


The delay all t lect 
After a 3-cycle delay I © Laisa iy he selec ao 
register bif positions to reset. -_— 
gate the select register aoe 
1 a 
— 
_ 
_ 
_— 
_— 
_— 


to T with good parity. 


— 


Gate select reg to “a 


T, and T to PAL to 
check responses. 


(ATR Slots 1-8) 


Issuing CE | 1OCE 


IOCE 1 Response to SATR 


Reset select bit 29 


(Some element did 
PAL No not respond) 
(32-63) = 0 
Yes Set condition code to 1. 


3 as es | eS 
Gate ATR slots 1-8 y 4 


to external register. Re 


32 


Sheet 6 


S to select register. \ 
| 
= 
Turn on ‘timing L — 
gate’ trigger. | 
| 


Delay 2 cycles 


S contains the select 
bits formatted for 
the select register. 


Issues the 2nd SATR 
select to send slots 
1-8 to elements. 


Decrement ABC 
counter by 1. 


Yes 
Turn off 'timing 
gate’ trigger. 
Read ATR slots 1-8 


into S and slots 9 
and 10 into T (0-7) 


Upon entry ABC = 7. This delay 
| loop holds the 2nd SATR select 
| active for approximately 4,4 
usec. No response is expected. 


~ ~ (ATR Slots 1-8) 


Gate $ (0-31) 
and T (0-7) 
to ATR (00-39). 


Sheet 5 


Diagram 5-808. Set Address Translator, SATR (OD), Execution in Issuing CE (Sheet 4 of 6) 


32 63 
63 


32 63 
PAL 

(Select bits) 

32 63 

PAL 
32 63 
oo 
see 
— 


(ATR Slots 9 ond 10) 


7201-02 FEMDM (7/70) 5-808,Sh 4 


Sheet 4 


Objectives: Hot Ones 
Send ATR slots 9 and 10 32 | 59 
to selected elements. 


Check for a response from 
all selected elements. 


Set time 
ee ee RA 
r 7 


{ATR Slots 9 and 10) 


Gate ATR slots 9 and 10 ——= 7 re 
into external register. 
32 63 


Turn on ‘timing Issues the 3rd SATR 
gate' trigger. select to send slots 


9 and 10 to elements. | 


Delay 2 cycles 
Add 1 to A. 


This delay loop holds the 
3rd SATR select active 
for approximately 9.6 usec. 


incremented 
Value Back 
toA 


Yes 


After a 3-cycle delay, 
gate select register 
with good parity to T. 


Responses reset select register 


bits as before (sheet 4) 


Reset issuing CE's 

_input latch if its 

own ATR was set. 

Each selected elements 
ATR has been set with no 
errors if PAL equals zero. 


Yes (AII units responded.) 


Set condition code to 2. 
VY) 


Sheet 6 


Diagram 5-808. Set Address Translator, SATR (OD), Execution in Issuing CE (Sheet 5 of 6) 


5-808, Sh 5 (7/70) 


Sheet 5 


Objectives: 
Gate response bits from 
Select register. 

Arrange the response bits 
in the response byte format 
and store in GPR per R2. 


Gate select register 
to T (via 9020 and 
local store out buses). 


Gate IOCE bits from 
T(60-63) to F(4-7). 


Combine IOCE bits and 
CE bits in T(48~55). 


i 1OCE Bit 
Store response bits ( ts) 


in GPR specified 
in R2 field. 


Note: 

A CE receiving a SATR select signal from another CE must 
execute a microprogram to ingate the new ATR information. 
Refer to Diagram 9, MDM for explanation of the SATR 
instruction in the receiving CE. 


Diagram 5-808. Set Address Translator, SATR (OD), Execution in Issuing CE (Sheet 6 of 6) 


7201-02 FEMDM (7/70) 5-808,Sh6 


Objectives: Note: 


Receive SATR select for The CE receiving a SATR select signal responds to the issuing CE and 
the Ist time. executes a microprogram to ingate the new ATR information from the 
Turn on 'time clock step’ external bus. This diagram shows the functions performed by the 
trigger and wait for select receiving CE. 

to drop. : 

Send response and wait for 

2nd SATR select. 


Set CE 1, 2, 3, | The CE input latch is 
or 4 input latch. turned on by SATR select. 


Turn on ‘time 1 This trigger forces ROS 
clock step' trigger. address 014, to enter 


receive ATR microprogram. 


—— = 1100_| 0000 
Turn on ‘interrupt- j_ This trigger gates the response 
gate’ trigger. 1 line to the issuing CE. 


Set delay constant in F. 


Add 1 to F. 


Timeout before select 


Incremented 
Valve Back 
to F 


drops is an error. 


Carry 
out of serial 
adder 


Reset ATR select; CE 
input latch, and ‘time 
clock step' trigger. 


Receive 
ATR select line 
active 


Emit Field 0010 


No o {| 3 


Turn off ‘interrupt 
gate’ trigger. 


Value Back 
to F 


Timeout before select 
comes back is an error. 


Reset ATR select; CE 
input latch, and ‘time 
clock step' trigger. 


Receive SATR Timings - Related to Issuing 7201s SATR Select 


(End Op.) SATR Select (Issuing CE) 25.6 usec 9.6 usec 


Response (Receiving CE) 
i=) 


Gate External Bus to S. = (ATR Slots 1-8) 


Gate External Bus to T. a Slots 9-10) 


Receive 
ATR se'ect line 
active 


Yes 
(2nd SATR select is active) 


Sheet 2 


Gate S and T to ATR. 


Diagram 5-809. Set Address Translator, SATR (0D), Execution in Receiving CE (Sheet 1 of 3) . 


5-809, Sh1 (7/70) 


Sheet 2 


Objectives: 
Receive 2nd SATR select. 
Gate ATR slots 1-8 to S. 
Wait for 3rd SATR select. 


Gate external bus Lo 
(ATR slots 1-8) to S. 


Local 
store out 
bus parity 
error 


Set delay constant inF. |~q __ 
rate — 


Add 1 to F. 


Carry 


. Yes 
out of serial 

adder 
Reset ATR select; CE 
input latch, and 'time 
clock step' trigger. 

Receive 

ATR select line 
active 
No 
Set delay constant in F. ~~ = 
— 


Add 1 to F. 


No Reset ATR select; CE 
input latch, and ‘time 
clock step' trigger. 


Receive 
ATR select line 
active 


Yes 


y (3rd SATR select is active.) 


Sheet 3 


Diagram 5-809. Set Address Translator, SATR (OD), Execution in Receiving CE (Sheet 2 of 3) 


Local Store 


Out 


Yes (Machine Check) 


Execute machine 
No check. , 


Timeout before select 


drops is an error. 


Timeout before select 
comes back fs an error. 


Emit Field 1110 


Emit Field 0010 


7201-02 FEMDM (7/70) 5-809, Sh 2 


Sheet 2 


Objectives: 

Receive 3rd SATR select. 
Gate ATR slots 9-10 to T. 
Gate S and T to ATR. 


Gate external bus 
(ATR slots 9-10) to T. 


Local 
store out 
bus parity 
error 


Yes (Machine Check) L 


¥ Local Store 
Out Bus 


Execute machine 
check. 


; aaa 
Gate S(0-31) to ATR 


00 31 32. 399 


(0-31) and T(32-39) . 
to ATR(32-39). 00 31 32| 39 
ATR 
Turn on ‘interrupt 
gate trigger. 
Set delay constant in F. — 
= ea 
— 


— 
— 
— 
Add 1 to F. 

’ Timeout before select 

| drops is an error. 

| Fe 
Carry Yes ™~ 


out of serial 
adder 


Reset ATR select; CE 
input latch, ‘interrupt 
gate’, trigger, and 'time 
clock step’ trigger. - 


Incremented 
Value Bock 
to F 


Receive 
ATR select line 
active 


Emit Field 0010 


This delay already 
existed and was a 
convenient way of ending. 


Add T to F. tesonng 
ae 
> 


Reset ATR select; CE 
input latch, and 'time 
clock step' trigger. 


Diagram 5-809. Set Address Translator, SATR (OD), Execution in Receiving CE (Sheet 3 of 3) 


5-809, Sh3 (7/70). 


2 Vv 3 Vv 4 | Vv 5 Vv. 6 


e@ RR Format 


th pee ae | 


0 78 W 12 15 
@ Purpose: To transfer configuration mask to CCR of element(s) specified by selection mask. 


@ Conditions at the end.of I-Fetch: 


1. A-reg has Ist word of configuration mask (contents of 
GPR specified by .R1). 


2. T-reg has selection mask (contents of GPR specified by 
R2). 


e Configuration and selection mask formats: 
1. 9020D System 
Ist Word 


2008 0q0 090000088000 Ee9000000R 


Configuration 5 6 7 8 17 1819 20 23 24 28 29 


Mask 
2nd Word 


(Not Used) 


Selection | on 
si HEBRRHE 
0 2 3 5 6 7 8 17 1819 20 23 24 28 29 
2. 9020E System 
Ist Word 
Ss 8 
Th PE feb Pl PPP ETP PEELE PPE 
Configuration 012 5 6 7 8 12 13 17 18 19 20 23 24 28 29 31 
Mask 
2nd Word 
(Not Used) 
PBR pe bs Seah | 
15 16 31 
per cc es) (Pes 
— eel ie tee ee] ile) SIIe sess Sa 
0 12 3 5 6 7 8 12 13 17 18 19 20 ee 28 29 
Diagram 5-6 
Legend: 
RR I-Fetch * Spare Bit 


- Reserved Bit 
+ Inhibit Logout Stop Bit 
¢ Inhibit DE Stop Bit 


Selection Mosk 


Objectives: 
Gate select mask from T 
to select reg. 

Gate Ist word of configuration! 
mask to external reg. 


Configuration Mask 


32 63 


PAL 


24 63 


Sheet 2 


Diagram 5-810. Set Configuration, SCON (01) (Sheet 1 of 6) 


7201-02 FEMDM (7/70) 5-810,Sh1 


ee Vv 3 ed 4 


Sheet 1] 


Objectives: Hardware checks that 
: . S bit . 
Check for specification and a nal tae (2) at 
privileged operation errors. least ] valid SCON bit 
is on in configuration 


mask KR101. 


Develop constant 3C 
to test Scon field of 
configuration mask. 


All 1's in F 
XN 4 
N 
XN 
“N 
“N 
“N 8 
- “ ey 00 00 | 00 |] oF 
AND constant 3c “XN + 32 63 Selection Mask Note 
with Scon field N\ 
in serial adder. aa N 32 63 
Shift Left 2 
PAL 
32 63 
C \ Configuration Mask 
= ( 
~ . 00 | 0 | 00 | 3c 


> (Seon field 


all Os) 
Yes 


Specification error. it 
: Specification error occurs if: 
1. CE is in state 1 or 2, 


Force ROS address 010. 
2. CE's scon bit is off. 


| 

I 
| 
| 3. No valid CE specified in 

E Problem Yes ! configuration mask. 
state | 4. RI field specifies an 
| odd GPR. 
: No 


Privileged operation 
error. Force 


address 00A. 


Objectives: 
Check if any 1OCEs 


are selected. 


Develop mask 07 to 
test IOCE select field. 


00 00 00 07 
AND mask 07 with ages 
[OCE mask field. ‘ JOCE Mosk in 5-7 
“XN 
_N 


Te ee 


G <> No (One or more |OCE selected) 7 


Yes 
(No IOCE selected) . 


Sheet 4 S 
H heet 3 


Diagram 5-810. Set Configuration, SCON (01) (Sheet 2 of 6) 


5-810, Sh2 (7/70) 


At this point, the IOCE 
T selection bits are transferred 
to F for subsequent test. 
56 63 


Sheet 2 


Objectives: 
Check that only one CE 
communication bit is set 
in configuration mask. 


AND mask 01 with 
CE mask field 


in serial adder. 


To test if CE4 communication 
bit ison. (Meaningful 
only for a 4-CE system.) 


CE 4 bit on. Check 
CE 3, 2, and 1. 


Shift T left one to | To test CE 3 > 
develop mask 02. communication bit. 
™ 
Se 


AND mask 02 with 


CE mask field 
in sertal adder. 


<< No (CE 3 bit on) 
. 2 Yes 


To test CE 2 
communication bit: Use 
same data path as above. 


AND mask 04 with CE 
field in'serial adder. 


No (CE 2 bit on) 


To test CE 1} 
communication bit. Use 
same data path as above. 


AND mask 08 with CE 


field in serial adder. 


Sheet 4 


Diagram 5-810. Set Configuration, SCON (01) (Sheet 3 of 6) 


+1 


Configuration Mask 


32 63 


00 00 00 ot 


CE Field 


56 63 A(20-23) 


‘—<G———— Shift Left 1 


32 63 


Set specification error. 


16 23 


7201-02 FEMDM (7/70) 5-810, Sh 3 


Objectives: a 


Set count of 19 (hex) in B for 

‘select timeout’ (5.0 usec). PAL 

Set count of 19 in D for 7 re 
‘response timeout’ (5.0 psec). 


32 6 


3 
PAL 
32 63 
T 
00 00 00 02 
63 
32 63 


32 


PAL 
32 63 
B 
00 00 00 OB 
: 32 63 
32 [ 63 


+1 


PAL 


32 $3 Select Timeout 
Constant in B 
40 63 8 
a | 00 00 oc 
» 32 63 


~ 18 a) 


PAL 


32 63 


Response Timeout Constant in D 


Sheet 5 


Diagram 5-810. Set Configuration, SCON (01) (Sheet 4 of 6) 
5-810,Sh4 (7/70) 


Sheet 4 


Place configuration 


Read per R1 
mask in T and S for — 


gating to SEs and DEs. Reod per RI +1 


2nd Half of 
Configuration 
Mask (DEs Only) 


Ist Half of 
Configuration 


Move CE mask bits ) : F : 
to T (56-59) for i Configuration mask is gated 


} to SEs and DEs via SDBI. 


SE and DE ingating. 


Activate ‘reconfigure select' 
to elements for 5.0 usec. 


Starting Volue in B = 19 


B 
00 00 00 19 


To issue 'reconfigure 
selects' per select 

register contents. See 
example on Sheet 6. 


Turn on STAT G and 
‘timing gate’ triggers. 


5.0 usec Timeout Loop 


Decrement timeout 
constant in B by 1. 
Yes 


Responses from elements 

* reset cor nding bits 
Wait 5.0 usec for dngatierioaprats 
selected units to respond. <—_ —— — — — - — jst | S.O-wsec timeout. 


Turn off ‘timing To allow responses from 
gate' trigger elements to reset bits 
and STAT G. in select reg. See 
example on sheet 6. 


Set timeout 
constant (19) in B. 


Timeout Loop 


Sheet 6 


Diagram 5-810. Set Configuration, SCON (01) (Sheet 5 of 6) 


7201-02 FEMDM (7/70) 5-810, Sh5 


Sheet 5 


Select Responses 


Store responses in 
GPR specified by R1. 
Set condition code. 


PAL 
(32-63) =0 


Set CC to 0 Set CC to 2 


The example below shows the basic 
logic active during the select and 
response timeouts. CE] is executing 
the SCON instruction, and CE2 is 
receiving the 'scon select’. Similar 
select and response logic is used for 
all elements in the system. 


CEI | CE 2 
STAT G 


~ Response to CE 1 
Timing Gate Tgr 
Not Timing Gate Tgr A 
Not Select Reg to T 


Select Reset Select Bit 21 
0 3] 


20 22 


Reconfigure Select CE 3 
A 
22 
1 


Not System Reset 


A Interface Good 
CE 2 Not in Test 
A Scon from CE 1 Allowed 
CE 1 Scon bit 


External Bus to CCR (ingate) 


Inhibits response until 


scon select drops. 
N 
A 


Reconfigure Select CE 2 
wz A 
ae Reconfigure Select CE 1 


External 


0 


(Enable Response) 


Diy 


Delay) 


| 
| 
| (Circuit 
| 


Not CCR Error 
Block Response 
= 
31 


' Diagram 5-810. Set Configuration, SCON (01) (Sheet 6 of 6) 


5-810,Sh6 (7/70) 


Diagram 5-13. 


SI 1-Fetch. 


QK021 


Issue ‘test and set' 


signal to main storage. 


Enables resetting of 
mark register after 
late BCU cleanup. 


Set 'test and set' 
trigger. 


Transfer D(21-23) to 
STC directly and to 
ABC via parallel adder. 


Set mark bit per STC. 


Issue 3-cycle storage 
request per D, gating 
out ‘test and set’ signal 
and one mark bit. 


| Storage will fetch doubleword, load SDBO, and 
regenerate doubleword back into core array, 
| setting all 1's into marked byte. 


Notes: 


1. Because PAL(64-67) is ignored but may be equal 
to 0 through 7(decimal), 
O<IC - D +757; therefore, 


Perform ASC test. 1C+7> D2I1C. 


IC pointing to this byte 


|__1 


D pointing to one of these 8 bytes 


Add -D +7 to IC and 
shift right 4 bits. 


PAL(40-63) Yes (See Note 1) 


=0 


2. Because PAL(64-67) is ignored but may be equal 
to 0 through 15 (decimal), 
0<1C -D+7<15. Therefore, 
IC+72D021C -8. 


IC pointing to this byte 


IC(21,22) 
=11 and 
PAL(40-62) 
=0 


“Yes (See Note 2) 


Causes PSC exceptional! condition 
Set 'PSC' trigger. 


during next |-Fetch, refilling Q. 


Test high-order bit. 


Selects testing location 
in ST. 


Sét STC to 4. 


Unmodified byte. 


Issue early end-op 
2 cycles early. 


Transfer AB per ABC 
to ST per STC, via 
serial adder. 


Set CC to 0 
during NEOP. 


Set CC to 1 
during NEOP. 


End-op 2 


cycles early. 


Diagram 5-811. Test and Set, TS (93) 


5 Vv 6 


e SI Format: 


te) 78 15 16 19 20 uv 


e Test high-order bit (bit 0) of storage operand 
byte {in storage), set CC according to state of 
tested bit, and set addressed byte back into 
storage as all I's. 


e Conditions at start of execution: 
1. Ist 16 bits of instruction are in E. 
2. Storage operand address is inD. 
3. Storage request per D is blocked during I-Fetch 
('D syne’ latch blocked) because data byte could 
change before executing this instruction. 


e ‘Test and set' trigger: ALD MCI81. 


D pointing to one of these 16 bytes 


7201-02 FEMDM (7/70) 5-811 


RR I-Fetch 


2 


Objectives: 


Determine entry type. 
(Initial entry or re- 


entry after an inter- 
" rupt or after a page 
overflow. ) 


Yes 


Perform delete 
descriptors routine. 


Move history descriptors. 


Next 
WCT order 
a modify 
order 


Perform modify routine. 


Move current descriptors. 


Perform insert descriptors 
routine. 


Move history symbols. 
Move current symbols. 
Insert new symbols routine. 


Next 
WCT order 
EOCT 


Prepare to process next 
class type. 


Next 
WCT order 
EOB 


Yes 


Diagram 5-901. Repack Symbols, 


5-901 . (7/70) 


Vv 


e@ RR Format 


0 78 1112 15 

Entry is a return after an 
interrupt. Re-entry is back 
to the routine exited from. 

Note: 

All six Blocks shown below represent 

—_—— oe blocks of storage whose sizes are 
Deletes descriptors from the 7 
ODT by incrementing the _—_— 
ODT address without incre- eae te 
menting the NDT address. 
Delete 


Moves history descriptors from 
the ODT to the NDT. 


Move history (2) 


pee Ol current ( ) 


(data is single symbol) 


Moves descriptors from the Note: 
ODT (current in ODT) to 
the NDT; in the process, 
changes them to history 


descriptors. 


Set history count to zero. Sort bin 
Single symbol data has 


no history data. 


Descriptor tables 
contain descriptors 
in this format. 


Moves current descriptors 
from the ODT to the NDT. 


Calculates the number of symbols to 
be inserted by this insert order and 


builds a descriptor (batch No. and 
symbol count) and stores it in the 
NDT as part of the current descriptors. 


Moves symbols from old refresh 
memory to new refresh memory, 
resetting all brightness bits. 


Old 


Refresh memory 


New 
Refresh memory 


=e 


ee ae Move history symbols 
Moves symbols from old refresh 
memory to new refresh memory, 
leaving brightness bits as is. 


Moves symbols from a sort bin 
to new refresh memory, 
reformatting them if necessary. 


Sort bin 


Invalid sequence - 


specification check. 


Note: 


Refresh memories contain data to 
be sent to the PVD. The data can 
be in one_of two doubleword 
formats: the output format of 
repack symbols or the output 
format of convert weather lines. 


* - Old descriptor table 
** — New descriptor table 


Set condition code to 0. 


Simplified Flow Chart 


Sheet 
21 
RR | - Fetch 


(Re-entry from 
interrupt routine. ) 


Objectives: 


Determine entry type whether initial 
entry or re-entry after an interrupt. 


Prepare to enter the delete descriptors 
routine. 


QQ401 D8F 
Gate next WCT address (GPR 7) 
to A (via S). 


Gate INTRPT ID (bits 4-7) and 
bin number (GPR 8) to S. 


Save 360 IC by gating to LS\WR 
(via T). 


Add the WCTA (At and (2X bin no. ) 
and gate result to IC. 


Each bin displacement value is two 
bytes long. Adding two times the 
bin number increments the WCTA 


to the correct bin displacement 
value. 


Gate INTRPT ID 
to F. 


Gate DP bits (GPR 11) to T. 


Make storage request for bin 


displacement address from WCT. 


Gate F(4-7) (INTRPT ID) to 
PAL for test. 


Rearrange INTRPT ID - bits 4-7 to 
F(0-3) and bits 0-3 to F(4-7). 


Used to accumulate symbol 


count throughout RPSB 
execution, : 


Clear K register. 


address to S. 


Gate next WCT (GPR 7) 


No (INTRPT ID (4-7) not zero indicates a re-entry after an interrupt. ) 


Initial 
Entry 


Yes 


Yes 


DP 
bit (T32) 


a one 


(This is re-entry after a page overflow. ) 


Reset DP bits in GPR 11. 


F88 


Gate first WCT order address 
to T and Dand GPR 7. 


Adding 32 to the first WCTA 
increments it past the 
halfword bin displacements 
to the first order. 


Gate SDBO (bin disp address) 
to AB, 


Clear T register. 


Gate old descriptor table 
(ODT) address to S. 


Make memory request per IC 
for ODT doubleword. 


Store bin displacement 
address (T) in GPR 9, 


Gate SDBO (ODT doubleword) 
toL, MandQ. 


Compute sort bin address and 


This address will be used in 
calculating the symbol count 
| when a new descriptor is con- 
structed in the insert descriptors 
| routine. 


store it in GPR 6, 


gy Sheet 4 


Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 1 of 21) 


4 y . 5 


@ RR Format 


0 78 11 12 Ss 


Purpose: Assembles a new updated display image 
(refresh memory) for 1°16 of a PVD's area It 
accomplishes this by deleting, from the old dis- 
play image, all information which is no longer 
to be displayed, by moving (and modifying, if 
necessary) the data remaining in old refresh 
memory (ORM) to new refresh memory (NRM), 
and by adding new data to be displayed by 
inserting data from a sort bin (created by CSS 
execution) into NRM. 


RPSB moves two types of data, descriptors 


Batch Number Symbol Count 


and display words, 


and is logically divided into two sections. The 
first builds a new descriptor table by using the 
applicabie previous descriptors (from the ODT) 
and by generating new descriptors for the new 
input data (from CSS execution(s)) located in 
asort bin. This section operates only in SEs. 
The second section builds a new display image 
for a sort bin (called new refresh memory, 
NRM), using the symbol counts accumulated 
while building the new descriptor table (NDT) 
which actually describes NRM. This section 
operates in both SEs and DEs as shown below. 


F87 


Reset DP bits in GPR 11. 


S Sheet 3 


* 3-letter designations identify 
actual line edge connectors on 
CAS page. 


cre) Sheet 2 


7201-02 FEMDM (7/70) 5-902,Sh1 


2 v 3 v 4 v 5 Vv 6 


(cre) Sheet 1 


Objectives: 


Determine the point at which 


to re-enter execution by ex- 
aming INTRPT ID. 


QQ501 F86 


Gate ODT address (GPR 2) 
: to S. 
Gate WCT address to D. 


Yes (Symbols routines) 


INTRPT ID (bits 0-3) will be 
9 if the instruction was inter~ 
rupted while operating in the 
section which moves or inserts 
symbols, 


INTRPT ID (bits 0-3) will be 29501 at 
0 or 1 if the instruction was Gate new refresh memory (NRM) 
interrupted while operating address (GPR 5) to IC (via S). 

in the section which deletes 


or mores descriptors. 


(descriptors No 

routines) E82 
Gate new descriptor table 
(NDT) address to T. (from 
GPR 3). 


: Gate S$ (ODT address) to IC. 


Make memory request for 
WCT doubleword per D. 


Set constant 4 into A. 


Set F(4-7) to zeros. 


INTRPT ID 
(bits 0-3) 
=] 


Yes 


‘ >= Indicates later an odd 
pave code: Icky keeping £U-7) | delete symbol count not 
equal to one. 1 Sdfuavedt: 


F(4-7) equal to 0 indicates 

} aneven delete symbol! count 
or an odd delete symbol count 
adjusted. 


Exclusive or INTRPT ID (FO-3) 
with constant (1100) and gate 
result to SAL. 


INTRPT 1D (bits 4-7) will be 0 
| or 1 if the instruction was inter- 
| rupted while operating in the 

| section which deletes or mores 
descriptors. 


Reset F(4-7) to 0. 


Gate new descriptor table 


ttioli 
(NDT) address (T) to D. (Initialize move 


Yes ORM to NRM) 
(Re-entry to begin 
processing next 


class type) 


y, 


Zz 
° 


Gate INTRPT 1D (F0~3) to SAL. 


m 
— 
— 


E10 


Gate DP bits (GPR 11) to S. Gate ORM address to FPR 0. 


Gate DP bits to SAL for 
check. 


Make memory request for 
ODT doubleword. 


Gate history count (GPR 0) 
to K (via S). 


Gate WCT doubleword (SDBO) 


Gate WCT address (GRP 7) to S. 
to AB. 


* 3-letter designations identify 


Gate current count (GPR 1) actual line edge connectors on Sheet 3 Sheet 13 
to T. , CAS page. 


Branch 
on INTRPT ID 
(bits 4 and 5) 


value (Move (Insert 
(Modify) current) descriptor) 
1 
(Move 01. 10 | 
history) (INTRPT ID = 000X) (INTRPT ID (INTRPT 1D (INTRPT ID 
E88 = 001X) E89 = 010X) ESA = 011X) ESB 


Gate SDBO (ODT data) Gate ODT descriptor (SDBO) Set F(0-3) to zero if WCT 


Turn on STAT G. to Qand to L, M. to QandL, M. order is EOCT. 


Gate SDBO (ODT data) to 
Qand toL, M. 


Gate NDT address (GPR 3) 
to T. 


Set F (bit I) off if WCT 
order is modify. 


Gate current symbol count 
(F) to K. 


Gate ODT descriptor from Gate next WCT order to Gate history symbol count to 


Reset F(4-7). 
L, M to N and from Q to R. F(0-3). B (from K). 


Gate next WCT order (AB) Gate ODT descriptor from L, 
to F(0~3). Gate WCT address to S. M to N and from Q to R. 
Gate R (ODT descriptor) to E. Gate ODT descriptor from L, 
% M to N and from Q to R. 


ney old refresh memory address bone Sheet 8 ce Sheet 10 eee) Sheet 11 
to |. 


Gate ODT descriptor (N) 


to SAL. 
ear) Sheet 7 


Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 2 of 21) 


5-902, Sh 2 (7/70) 


A 


G Sheer:l7 


Objectives: 


Determine if there is more data 
to process or if the instruction 


execution is to be terminated. This re-entry is ofter a 


complete class type has 
QQ 521 E36 been processed. 


Gate WCT address (S) to D. 


Make memory request for next 
WCT orders. 


Reset K to zeros. Gate WCT address (D) to T. 


Gate ODTA (GPR 2) to T. Set condition code to 2. 


Gate SDBO (WCT orders) to AB. 


Update ODT address (T) +2 
result to IC. 


Set paging latch if 512 carry 
on IC update. 


Make memory request per IC 
(for ODT data). 


Update WCT address +2. 


Set condition code to 0. 


Next 
WCT order 
EOB 


E38 : E39 


Gate SDBO (ODT data) to 
Q and LM. Turn on STAT G. 


Store updated ODT 


Gate LM to N and Q to R. address in GPR 2. 


Gate R (ODT entry) to E. 


Set FPR 2 to 0. 


v 5 Vv 6 


Care Sheet 2 Sheet 1 S 


QQ521 F89 


Gate WCT address to D. 


Make memory request for WCT 
orders (per D). 


* 3-letter designations identify 


Sheet 4 . Sheet 21 actual line edge connectors on 
ay ae, CAS page. 


Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 3 of 21) 


7201-02 FEMDM (7/70) 5-902, Sh 3 


Objectives: 


Both descriptor tables (ODT and 
] NDT) and the WCT are physically 
located in SEs. 


Examine WCT order and branch to 
proper delete routine or to move 
history routine. 


QQ401 F8A eel 


Make memory request for WCT 
doubleword. 
Gate GPR 4 to T. 


ORMA 
on doubleword 
boundary 


No 


Yes 


Specification check. 


Gate ODT descriptor to N and R. 


Clear FPR 2. | Used later in insert symbols routine. 


Gate first ODT descriptor to E. 


hg Sheet 3 


Gate WCT doubleword to AB. 


F9 


on 


Gate constant 4 to FPR 4. ] Used later in insert symbols routine. 


D Store current WCT address 


in GPR 7. 
ee Sheet 6 


Gate WCT order to SAL for testing. 


WCT 
order is 


F9C 


Save contents of B (WCT orders) 
in FPR 1. 


uo] Sheet 5 


WCT 
order is 
Delete 
NI 


Yes 


No 


ee) Sheet 5 


Gate batch numbers from N (ODT) 
and A (WCT) to SAL for compare. 


Lc) Sheet 6 


WCT 
order is 
Delete 


Yes 


No 


OUZ 
a & Oo 
a=? 
o ® 
3 


F50 


wre) Sheet 


Gate symbol count to B (from K). 


Read GPR 4 (old refresh memory 


Sdldress):t6 T. For delete symbo! update. 


Add B (symbol count) x4 to . 
ORM address (T). 


This deletes the symbols from 
ORM. 


Gate FPR 1 (WCT orders) back 
to B (via S). 


Gate GPR 3 (NDT address) to S. 


Indicates to move routine that 


Turn on STAT G. a F 
entry is from delete routine. 


Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 4 of 21) 


5-902, Sh4 (7/70) 


There are three types of deletes: 


Delete N2 - Deletes atl descriptors up to 
and including the first null (al! zeros) 
descriptor encountered. 

Delete N1 - Deletes all descriptors up to 
but not including the first null descriptor 
encountered. 

Delete - Deletes only the descriptors with 
the same batch number as the batch number 
in the delete order. 


F47 


QQ4il 


If delete symbol count is odd, the symbol 
count wil! be increased by one when the 
first descriptor is moved from ODT to NDT 
and the associated history or current symbol 
count will be increased by one. The move 
symbols routines will insert a corresponding 
null symbol in NRM. 


Gate current WCT order to F(0-3). 


Symbol Yes 


count 
odd 
Set F(4-7) to 1. 


Gate NDT address (S) to D. 
Gate next ORM address to GPR 4. 


F4C 


Gate next ODT descriptor (NO-3) 
to SAL for test. 


Interrupt Yes 


pending 


* 3-letter designations identify 
actual line edge connectors on 
CAS page. 


(soe) Sheet 7 N05) Sheet 21 


ce Sheet 4 fe Shenk 


Objectives: 


Delete all descriptors from ODT 


Objectives: 


up to but not including the first Delete all descriptors from ODT 


null descriptor. 


up to and including the first null 
descriptor. 


QQ4il F9D QQ4i1 FOF 


Add K (Symbol count) to E(8-15) To update the count of the 


deleted symbols. 


Turn on STAT D. 


tesult to K. 


Gate descriptor (NO~3) to SAL. 


Add K (symbo! count) to E(8-15) 


To check it for a null. 
result to K, 


Gate descriptor (NO~3) to SAL. 


This 
descriptor 
a null 


Yes 


No 


Step ODT address to next 
descriptor. 


Set paging latch if 512 carry on 
ODT address update. 


Set STAT G. 


Make memory request per IC. 


Gate next descriptor from LM 
to N and from Q to R. 


(Delete N2 routine is complete) 


Turn off STAT G. 


Gate SDBO to Q and LM. 


tas Sheet 6 


Gate descriptor from R to E. 


Delete 


N1 being executed 
(STAT D) 


Delete N2 


descriptor 
a null 


Step ODT address to next 
descriptor. 


Deletes null descriptor. 


New 
ODT data 
needed 


Add this delete order symbol count 
(E) to the accumulated symbol 
count (K). (Delete N2 routine 


is complete) 


oo Sheet 6 Cer Sheet 6 


Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 5 of 21) 


This 
descriptor 
a null 


Step WCT address (D) +2 to 


point to next WCT order. 


Leaves the nul! descriptor 
in the ODT. 


(Delete N1 routine 


7201-02 FEMDM (7/70) 5-902,Sh5 


> 2 v 3 Vv 4 bd 5 v 6 


Ney Sheet 4 Sheet 5 coae Sheet 5 tte) Sheet 5 wer] 


Objectives: 


Delete descriptors from ODT which 


A have same batch number as the 
delete order in WCT. 


QQ421 F51 


| Turn on STAT D. 


Add WCT order symbol count 
(E8-15) to K. 
Make memory request per IC (for 
new ODT doubleword). 


QQ421 F48 


Gate SDBO to Q and LM. 


QQ421 


Gate next descriptor from R to E. 
> : 
Gate 1 to SAL. 


QQ421 F37 
r 


"Make memory request per D (fo 
new NDT doubleword). 
Setting up for branch if last WCT 
Gate | to SAL. | order was delete N2. 


Gate next descriptor from 
R to E. 
Gate SDBO (new NDT 
doubleword) to AB. 
; No If STAT Don, last WCT order 
G was delete or delete NI. 
Yes 
QQ401 : FIA 
Store current WCT address 
in GPR 7. 
> , QQ401 F98 


Gate batch numbers from N 
(ODT) and A (WCT) to SAL 

for compare. *3-letter designations identify 
actual line edge connection on 
CAS page. 


Save contents of B (WCT orders) Store current WCT address 
in FPR 1. ; in GPR7Z. 


Lc) Sheet 4 eo Sheet 4 


Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 6 of 21) 


5-902,Sh6 (7/70) 


Sheet 2, 4 


Rae) S) Sheet 10 


Objectives: 


Move history descriptors from 
the old descriptor table (ODT) 


to the new descriptor table (NDT). 


QQ44l FO4 


Reset K to zeros. 


Gate next ORM address 
to FPR O. 


Next 
descriptor 
a nu}! 


Yes 


. ce 
Sheet 11 
Move first byte of descriptor (NO~7) 
to ST. thru SAL. 


QQ44] F06 


Update ODT address +2. 


on ODT address update. 


Set paging latch if 512 carry 


(Not last old descriptor (Not last old descriptor (Last old descriptor double- (Last old descriptor double- 
doubleword position and doubleword position and word position and delete " word position and delete 
delete symbol count odd) delete symbol count even) symbol count odd) symbol count even) 


Subtract 1 from E(8-15). 


Fetch next ODT doubleword. 
Move second byte of descriptor 
to ST. 


conditions 


Subtract 1 from E(8-15). 


Update NDT address +2 
result to A. 


Move second byte of descriptor 
from N(8=15) to ST. 


Store ST (NDT doubleword). 


Update NDT address +2 
result to A. 


Gate SDBO (ODT doubleword) 
“to LM and Q. 


Store ST per D in NDT. 


NDT 
page 
overflow 


Yes 


QQ441 FIS 


Add 1 to E(8-15). 


QQ431 E81 


Gate GPR 11 (New NDT address) 
to T. 


Store new NDT page address 
at end of old NDT page. 
Gate next ODT descriptor 
from LM to N and Q@ fo R. 
Sheet 10 g 
QQ441 EB8 
Set DP bits in GPR 11. 


Gate next ODT entry from 
LM to N and Q to F. 


Add 1 to E(8-15). 


QQ441 


Gate updated NDT address 
. (A) to D. 


Add symbol count E(8-15) to 
K (accumulated count). 


Gate next descriptor (R) to E. 


No (Current) 


(History) Yes * 3-letter designations identify 
actual line edge connection on 
ce GS CAS page. 
Sheet 8 Sheet 11 : 


Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 7 of 21) | 7201-02 FEMDM $9 (7/70) 5-902, Sh 7 


ey Sheet 7 , os Sheet 2 


A Check work control table (WCT) 
orders for modify orders and 


compare ODT and WCT batch 
numbers. 


QQ431 FOB 


Contains last history 


Store NDT doubleword. descriptor. 


Gate next WCT order 
(F) to SAL for check. 


Interrupt 
pending 


: ; Sheet 21 
Gate current NDT i 


address (D) to T. 


Yes 


Gate WCT address (GPR 7) 
to S. 


No (Single symbo! data) a i 
QQ431 F28 
The absence of a modify order 
inthe WCT indicates that this 
QQ431 F29 Set B to zeros. class type is single symbol data. 


Single symbol! data cannot be 
history, so the history count is 
set fo zero. 


Gate current NDT 
address to GPR 3. 


Set 1 in F(0-3) if was 0. 


Gate WCT address (S) to D. 


Set F(4-7) to zeros. 


Make memory request for 
next WCT doubleword. 


Z er Sheet 11 


Need 
new ODT 
doubleword 


Yes 


Update ODT address +2. 


Update ODT address +2. 


Set paging latch if 512 
carry on ODT update. 


Gate SDBO (WCT double- 
word) into A.B. 


Make memory request per 
IC for next ODT data. 


Gate LM to N and @ to R. 


Gate SDBO (WCT data) to 
AB. 


Gate F (WCT order) to 
SAL for check. 


Gate SDBO (ODT data) to 
LM and Q. 


Compare N(0-7) with WCT 
batch in AB thru SAL. 


Gate LM to N and Q to R. 


Sheet 9 re 


Gate F (WCT order) to SAL 
for check. 


Gate next WCT entry thru 
SAL for check. 


Sheet 10 


Update WCT address +2 and 
gate result to T, D. 


Store updated WCT address 
in GPR 7. : 


Make memory request for 
next WCT doubleword. 


Gate R to E. I Next old descriptor 


Sheet 9 


WCT Gate SDBO to AB. 
and ODT 
batch numbers 


match 


Gate next WCT entry 
thru SAL for check. 


actual line edge connection on 


Lo Sheet 9 * 3-letter designations identify 
CAS page. 


Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 8 of 21) 


5-902, Sh8 (7/70) 


Objectives: 


Move old descriptor from 
ODT to new descriptor 


table NDT. 


QQ431 EC3 


Update IC (ODT address) 
+2. 


Set paging latch if 512 
carry on ODT update. 


Gate NDT address 
(GPR 3) to S. 


New 
ODT double- 
word 
needed 


Yes 


No 


EC 


fs 


Gate NDT address (S) to ' Moke memory request for 
D. 


ODT doubleword. 


Move first byte of ODT 
entry N(0-7) to ST. Gate NDT address (S) to D. 


a 


Add 1 to symbol count if Move first byte of ODT 
odd delete symbo! count. entry N (0-7) to ST. 


Move second byte of ODT Add 1 to symbo! count if 
entry WN (8-15) to ST. odd delete symbol count. 


Store NDT entry ‘in Move second byte of ODT 
NDT (per D). entry N(8-15) to ST. 


Store NDT entry in 


EC NDT (per D). 


Update NDT address 
+2 result to T. 


i 


Gate SDBO (ODT data) 
_ to LMand Q. 


Add symbol count (E8-15) 
to accumulated history 
symbol count (K). 


Gate GPR 7 to S. 


NDT 
page 
overflow 


Yes 


EBI, EB2 
Gate GPR 11 (new NDT 
address) to. T. 


Store new NDT page 
address at end of old 
NDT page. 


Gate next ODT descriptor 
from LM to N and Q to R. 

EB? 
Set DP bits in GPR 11. 


Gate (next ODT descriptor) 
LM to N and Q to R. 


ECE 


Gate WCT address (S) to D. 


Store next NDT address 
in GPR 3. 


Gate next WCT entry 
thru SAL for check. 


* New 
WCT data 
needed in 
A,B 


Yes 


No 


Sheet Sheet 
oe V) 
Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 9 of 21) 


7201-02 FEMDM (7/70) 5-902,Sh9 


toe Sheet 8 ter | Sheet 2 


End of modify descriptors 
store null description in 
NOT to separate history 
from current descriptors. 


QQ441 ED6 


Gate history symbol 
count (K) to B. 


Gate NDT address 
(GPR 3) to D (via S). 


Set all zeros (nul}) Fares Ines 
descriptor in next f 

slot in ST. 
NDT slot. 


Interrupt 
pending 


No Sheet 21 


Yes 


Cc QQ44l FIC 


Set K to all zeros. 


Gate next ODT entry N(0-7) 
to SAL for check. 


D 
Update NDT address +2 
ag to check for page overflow. Update NDT address (D) +2. 
Gate Rto E. Turn off STAT G. 
E 
Store null descriptor in NDT. Gate R to E. 
> 
Gate N(0-7) to SAL 
for check. 
F 
> 
QQ44i 

Store new NDT address Update. NDT address +2 

at end of old NDT page. result to D. 
G 

Set DP bits in GPR 11. : Turn off STAT G. 
> 

Next 
descriptor te 
nul 
H No 
Ce Sheet 7 ES Sheet 7 

> 


Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet.10 of 21) 


5-902,Sh10 (7/70) 


* 3-letter designations identify 
actual line edge connection on 
CAS page. 


Sheet 11 cH 


SS Sheet 
: 


Sheet 
2 


Objectives: 


Determine that WCT order 
is an insert order. 


Compute the symbol count 
to be inserted in the NDT. 


QQ461 


FQ? 


Store last old descriptor 
in NDT. 


Set F (4~7) to zeros. 


Yes 


Interrupt 
Pending 


No 


QQ461 F3A 


SS Sheet 
Gate B (symbol! count) to T. 21 


Saves the accumulated 
history count. 


Store T in GPR 0. 


Gate,next WCT order to 


SAL for check. 


QQ461 q F39 


Gate K to B. 


Read WCT Address (GPR 7) 


to S. 


WCT 
order is 
EOCT, 


Yes (end of class type) 


Gate ODT address (IC) 
to T. 


No (IItegal sequence) 


Yes 
FSF 


Set F to zeros. 


Gate WCT address to IC. 


Set condition code to 3. 


Gate bin number (GPR 8) 
to S. 


Turn on STAT G. 


Reset K to zeros. 


Store ODT address in oS Sheet 
GPR 2. 21 


Converts the count 
from words to bytes. 


Multiply current count by 
4 and gate into GPR 1. 


Make memory request for 
WCT order. 


Save current count 
in FPR 6. 


Gate NDT address to B. 


Add 2 to bin number and 
gate result to T. 


Add WCT address to bin 
number (IC+T) result to D. 


Make memory request (per D) 
for next class types sort bin 
start address (stop address), 


Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 11 of 21) 


Work Control Table (WCT) 


Gate symbol count (B) 
into GPR 1. 


F80 


Save current count 
in FPR 6, 


Clear K register. 
Sheet 
13 


Gate Sort Bin Start 
Address (GPR 9) to T. 


Gate SDBO (WCT order) 
into LM. 


Gate next WCT order from 
LM to N and Q to R. 


QQ461 DAT, D9A 


Gate two's complement of 
sort bin start address to A. 


Gate SDBO (new bin address - 
stop address) to T. 


Subtract sort bin start address 
(A) from sort bin stop address 
{(T) - result to B. 


Update IC (WCT address) 
+32. 


oo Sheet 
12 


— —7 The proper bin displacement from here 
/ is used by the insert order to indicate 
the address of the first symbol in the 
/ sort bin that is to be inserted into new 
refresh memory (NRM). 


The proper bin displacement from here 
is used by this insert order to indicate 
/ the stop address of this batch of 
Wa / symbols (in this case it’s the end of 
/ the class type also). A displacement 

from here is also used by the next 

/ insert order in the WCT to indicate its 

first symbol (as the displacement 

above was used). 


Note: 


The symbol count for an insert order 
is calculated (fo build a descriptor) 
by subtracting the start address from 
the stop address. 


Sheet 


This determines the insert 
order symbol count. 


The next order in the WCT to be 
accessed will be taken from the 
18th hal fword position from the 
given insert order. Every insert 
order will lie on a halfword 
boundary and is immediately 
followed by its own table at 16 
bin displacement values. 


*3-letter designations identify 
actual line edge connection on 
CAS page. 


7201-02 FEMDM (7/70) 5-902,Sh 11 


Objectives: 


Determine the correct insert 
symbol count. Assemble the 


new descriptor (batch number 
and symbol (count) and store 
it in the NDT. 


(Symbols to insert 


Qa47) contained in two 
(Symbols fo insert) pages) (No symbols to insert) 
Sort bin stop address Sort bin stop address Sart bin stop address 
> sort bin start address <sort bin start address = sort bin start address 
Check’ 01 10 00 


results of previous 
subtraction 


DA6-DOF 


Add 504 to symbol count 
in B. 


DAS , DA4 
Add B (insert symbo! count) ; 
to K (accumulated current ; Gate old bin address 
symbol count). : (GPR 9) to T. 


This converts from count Make memory request for 


Divide symbol count by 4. . ’ 
in bytes to count in words. next WCT order. 


Gate WCT order batch 7 
number to ST byte. 


Gate insert symbo! count For use in interrupt 


from K to FPR 2. routine. 


Insert 
Gate insert symbol count (B) Gate GPR 8 (bin number) 
to ST byte to form new to S. 
descriptor. 


¢ Next 
WCT order 
EOCT 


The new descriptor must con- No (End of class type) 


tain a batch number and a 
symbol count. 


Store new descriptor in NDT. 


Yes 


Sheet 
Update WCT address (IC) + 2. Gate D (NDT address) So 13 
D : to B. 


Next 
WCT order 
Insert 


Yes 


Update NDT address (D) + 2. 


No 


Make memory request for Add 2 to bin number 
3 next WCT order. (S), result to T. 


DAE 
Update WCT address + 2. _ Add WCT address (IC) 
; to bin number (T) - 
: result to D. 
DAC 
: Gate sort bin start Update NDT address 
address (GPR 9) to T. (D) + 2. 


Gate null byte to S, T 
(next byte gated will 
also be a null). 


carry on NDT © 
update 


Gate WCT order from L,M 
to Nand @ toR. 
Read GPR 11 (new NDT 
page address) to T. 
Store new NDT address at 
end of old page. 
Gate new NDT page 
address to D. 


Store DP (page) bits in 
GPR 11. 


Make memory request for 
new bin stop address. 


Sheet 
11 


Gate next WCT order from 
LM to N and Q to R. 


(Dummy 
(Invalid modify 
sequence) No Next order) 
WCT order 
Yes 


modify 


Store {C (WCT address) 


in GPR 7. & 


Set condition code 3. 


Turn on STAT G. 


Sheet actual line edge connectors on 
21 CAS page. 


*3-letter designations identify 
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Sheet 
oe 


Objectives: 


Store a nul! (all zeros) 
descriptor in the NDT 


as an end of class type 
separator. 


QQ531 DC8 


Gate 
ODTA to GPR 2 


Update WCT address +2 
and gate result to IC, 
T, and GPR 7. 


Gate first byte of EOCT 
separator (zeros) into ST. 


Gate second byte of EOCT 
separator (zeros) in ST. 

Store EOCT separator in the 
new descriptor table (NDT). 


Next symbols are to be moved 
from ORM to NRM. Initialize 
to begin the move of history 
symbols. 


QQ531 DCC 


Gate new refresh memory 
address (GPR 5) into S. 


Gate new refresh memory 
address (NRM A) from S 
to IC. 


Update the NDT address +2 
and store it in GPR 3. 


Gate old refresh memory 
address (ORM A) from 
GPR_4 into S. 


Set 9 into F(4-7) (INTRPT ID). 


Interrupt Yes 


Pending 


No 


QQ531 


Subtract 8 from NRM A 
result to D. 


Gate history count 
(GPR 0) into T. 


Reset STAT D. 


Gate ORMA (S) to IC, E. 


Make memory request for the 
first ORM doubleword. 


Gate history count (T) fo B. 


Gate NRMA (GPR 5) fo T. 


Store NRMA (T) in FPR 3. 


Subtract 8 from history 


count result to Band T. 


Sheet 
a" 


QQ531 DAY 


Update WCT address (IC) 


+2, and gate result to 
GPR 7 and T. 


ie new descriptor table for one 
class type has been built. 


Up to this point, only descriptors 

| have been moved. It is now nec- 

| essary to move the symbol data 
from old refresh memory (ORM) to 

| new refresh memory (NRM). 


For use in interrupt 
routines. 


Sheet 
he 


STAT D used to differentiate 
between history and current 
symbols. Off for history. 


For interrupt 
routine use. 
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Entry by this path indicates 
| that the previous WCT 
order executed was an 
insert order. 


Gate GPR 11 (new NDT 
address) to T. 


Store new NDT page 
address at end of old 
NDT page. 


Gate next ODT description 
from LM to N, and Q to R. 


Set DP bits in GPR 11. 


Set E(12-15) to 2. 


Align ORMA on an even 
word boundary. 


DD7 


Add 8 to the adjusted 
ORMA, result to IC. 


Gate current count 
(GPR 1) to S. 


Gate SDBO (ORM 
data) to LM. 


Preparing to issue an 
FMTO micro-order to 
gate data thru the mixer. 


Sheet *3-letter designations identify : Sheet 
14 actual line edge connectors on 15 
CAS page. 
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Sheet Sheet Sheet 
ae 13 ‘ oS 15 cS He 


Move data words containing 
history symbols or current ; 
A symbols from old refresh QQ491 E49 QQ491 £45 
Memory ae a. iiss Old refresh memory (ORM) 
memory by gating them and new refresh memory 


into LM, thru the mixer (NRM) are both physically 
into XY and back to located in DEs. 


NRMA +8 result to D. NRMA +8 result to D. 


QQ491 DD5 


Add 8 to NRMA and 
gate result to D. 


Make memory request for Make memory request for 
next ORM data. next ORM data. 


Make memory request for 
next ORM doubleword. 


Turn on STAT D. 


Subtract 8 from ORMA 
(IC) result to GPR 4 
(via T). 


When processing history data 
| E13-15 equals 2 at this time 
and causes the BR bits in 
each word to be reset as the 
data is gated thru the mixer 
(ensuring history data). 


Issue "FMTO* S13-15' 
micro-order to gate 


ORM data to XY. 


When processing current data 
E13-15 equals 0 af this time 
| and causes the two words (LM) 
to be gated thru the mixer 
with no changes. 


Interrupt 
pending 


Yes 


Sheet 
ce 


Store NRMA (D) in 
GPR 5. 


Store XY data in 
NRM per D. 


Two symbols have now been 
moved from ORM to NRM. 


Gate SDBO (ORM double- 
word) into LM. 


Subtract 8 from count (B). 


Gate current count (S) to B. 


Add history count to current 
count result to B. 


Gate current count (GPR 1) 
to S. 


Subtract 1 from E12-15. 


(Moving 
current) 


(Moving 
history) 


Update ORM A (IC) +8 


result to IC and GPR 4. Turn on STAT D. 


Update ORM A (IC) +8 
result to IC and GPR 4, 


Set E12-15 to 2. 


Count is checked 
for this decision. 


‘ Yes Two 
Count is checked symbols to 
More for this decision. be moved 


than two 
history symbols 
to be 
moved 


Update NRMA (D) +8 
result to D. 


No 


E3E 


Gate next sort bin 


Make memory request for 
next ORM doubleword. 


address (GPR 6) to S. 


Update NRMA (D) +8. 


Reset E12-15 to zero. Issue "FMTO* E13-15' 


to gate ORM data to XY. 


Make memory request for 
next ORM doubleword. 


(One data word in XY) 


*3-letter designations identify 
actual line edge connectors on 
CAS page. 


Sheet Sheet 
> 15 17 
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5-902, Sh14 (7/70) 


Sheet 


Objectives: 


Determine if there are any 
symbols (history, or current) 
left to move from old re- 

fresh memory and branch to 
the proper routine. 


QQ481 


Yes 


Subtract 1 from E12-15. 
Turn on STAT D. 


Add history count -8 to 
current count result 
to Band T. 
Gate GPR 6 to S. 
E40 


Gate ORMA (IC) to GPR 4, 


_Turn off STAT D. 


Issue 'FMTO* E13-15' 
micro-order to gate ORM 
data to XY. 


Check 
number of 
symbols to 
move 


E41 
Subtract 1 from E12-15. 


Add 8 to current count 
result to PAL for check. 


Sheet No 
SS 14 
(One 
Gate ORMA fo GPR 4. 
Turn off STAT D 


(Two history symbols left) 


QQ491 


Gate NRMA +8 to D. 


Make memory request for 


ORM data. 


Turn on STAT D. 


(One or no 
symbols to move) 
0 


(One data 
word in 


XY) 


Sheet 


(More than two (One or no 
Check symbols fo move) symbols to move) 
number of 01 » 10 
symbols to 
move 


Issue ‘FMTO* E13~-15' to 
gate ORM data to XY. 
(One 
data- 
Sheet 


word 
in XY) 
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Sheet 
14 


QQ48I 


Issue FMTO* E13-15 
to gate ORM data 
to XY. 


Gate ORMA (GPR 4) to S. 


E3B 


Gate NRMA +8 to E and D. 
Store ORM data in 
NRM from XY. 

Turn off STAT D 


Interrupt Yes 


Pending 


No 


QQ491 
E4E 
No Count Yes 
equals 
0 
E3A 
(Two data words in XY) 
(Two 
symbols 
to 
move) 
(More than 
two symbols 
to move) 
01 00 


Sheet 
co 14 


Yes 


(No 
symbols 
to move) 


(No data in XY) 


Sheet 


E4C 


Gate next sort bin 
address (GPR 6) to S 


(No datawords 
in XY) 


Sheet 
Ge 


(Two symbols 
to move) 


00 


£44 
Gate ORMA to GPR 4 


Issue "FMTO* E13-15' to 
gate ORM data to XY. 


Reset S to zeros. 


*3-letter designations identify 
actual line edge connectors on 


CAS page. 


E48 


7201-02 FEMDM 


QQ481 E3C 


Gate ORM A(IC) to GPR 4. 


Issue FMTO* E13-15 to 
gate ORM data to XY. 


I Moves last 
two symbols 
J into NRM. 


Sheet 
oe 


(7/70) 5-902, Sh 15 


Insert symbols from a sort bin 
into NRM when both addresses 


are on even (doubleword) 
boundaries. Moves a double- 
word at a time. 


QQ451 E43 


> Gate insert byte count to B. 


Gate bin address (S) to IC. 


Reset STAT B. 


Yes 


Gate constant (4) to ST. 


-Make memory request 
for sort bin data. 


Sort 
bin address 
on doubleword 
boundary 


E03 


D Set E12-15 to 1. 


Reset STAT D. 


Subtract 8 from the 


symbol byte count (8). 


EA3 


Gate SDBO (sort bin data) 
E into LM. 


Gate sort bin address 
(GPR 6) to ST. 


Branch 
on insert 
symbol 
count 


E00 


No (Bin address on odd 
boundary, no data in XY) 


Sheet 
we 


All of old refresh memory that is 

| still to be displayed has now been 

| moved to NRM. New display 
data (furnished by CSS output) is 

| now moved from its sort bin loca- 

| tion into NRM. The new display 
data (sort bin) is physically lo- 

| cated in an SE and new refresh 

| memory is physically located in a 
DE. 


For interrupt routine. 


Sheet 


QQ451 E08 


Subtract 8 from insert 
symbol count (B). 


Store XY (bin data) in NRM. 


Update NRMA +8 result 


to GPR 5. 


Inserts one doubleword 


inte new refresh 


memory. 


Sheet 


E01 


E13 


Save sort bin address in 
GPR 6. 


Gate SDBO (sort bin data) 
into LM. 


(More than two 
symbols fo 
move) 


QO} 


QQ451 E05 


Issue 'FMTN* £13-15? micro- 
order to gate LM (sort 
bin data) to XY. 


Update bin address (IC) 


+8. 


Set paging latch if 512 
carry on address update. 


Make memory request for 
next sort bin data. 


Save NRMA in GPR 5. 


E14 


Update NRMA (D) +8. 


Set E12-15 to 1. 
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5-902,Sh16 (7/70) 


FMTN I - gates L to X 


and M to Y. 


routine. 


pending 


Yes 


For interrupt 


Interrupt 


Sheet 
19 


No 


(Last symbol 
ink 


00 


Sheet 
wo 


*3-letter designations identify 
actual Jine edge connectors on 


CAS page. 


10 


(Last two symbols 
in LM) 


Sheet 
17 


Sheet 
Ww 


Objectives: 


Perform last inserts into 
NRM on proper boundaries 


by different gating thru the 
mixer. 


QQ451 E06 


Adjust sort bin address 
(T) +4. 


Step E12-15 +1 to 2. 


Sheet 


Issue 'FMTN* £13-15' 
micro-order to gate 


sort bin data (L) to X. 


QQ451 : E93 
Reset E, T to zeros. 


Reset M to zero. 


EBB-E31 


Issue FMTN micro-orders 
to gate M to X and to 


reset P2 bit in XY. 


- EA6 
Update NRM A (D) +8. 


Store last NRM data 
from XY. 


Interrupt 
pending 


Update NRMA +8 - result 
to GPR 5. 


E16 


Gate sort bin base address 
(GPR 10) to T. 


Subtract sort bin base 


address from the bin 
address (IC) result to 
GPR 9. 


Gate next bin address 
(IC) to T. 


Gate DP bits into 


S (0-7). 


Gate next WCT 
address into S. 


Interrupt Yes 


pending 


Sheet 
Gime 
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Sheet Sheet 
OL 


This is the displacement 
for the next class type. 


Sheet 


QQ451 E04 


Update sort bin address 
+ 8 (IC). 


Set paging latch if 512 
carry on IC update. 


Issue 'FMTN* £13-15' micro- 


order to gate sort bin data 
(L,M) to XY. 


Make memory request for 
next sort bin data to 
allow paging. 


{Right word blank in XY) 


QQ521 EOD 


Update NRMA +8. 


Set E13-15 to 7. 


Turn on STAT D. 


Sheet 
18 


Yes 


QQ451 E4A 


Reset E (13-15) to zeros and 
gate NRMA (D) to T. 


Gate insert symbol byte 
count (K) to B. 


Gate sort bin address (S) 
to IC. 


Yes 


Turn off STAT D. 


- Insert 
symbol count 
equals 
0 


No 


EIC 


STAT D used in 


interrupt routine. 


Gate FPR 4 to T. t Constant 4. | 


Make memory request 


for sort bin data 
per IC. 


Sort 
bin address 


EOC 


Subtract 4 from insert 
symbol count result to 


Subtract 4 from sort bin 
address (IC) result to IC. 


This adjusts the sort bin 
y address to a doubleword 
! boundary. 


Gate sort bin address 
(GPR 6) to S,T. 


Gate SDBO (sort bin 
data) to LM. 


Sheet 
Ox: 


*3-letter designations identify 
actual line edge connectors on 
CAS page. 
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bs 


‘Sheet 


Objectives: 


Insert symbo!s from a sort 
bin into NRM when the 
sort bin address is on an 
odd boundary. Aligns the 


data on an even boundary 
before storing it. 


Subtract 4 from sort 
bin address (IC). 
Subtract 8 from the 
symbol byte count (B). 
Turn on STAT D. 
Add 4 to B (symbol 
byte count). 
Set E13-15 to 7. 
Gate SDBO (sort bin 
data) into LM. 


Adjust the sort bin address 
to an even boundary. 


Indication for 
interrupt routine. 


To check for zero 
byte count. 


(Symbol count a 
equals 0) 00 peaabiae 10 = (Symbol count is minus) 
. symbol 
count 
01 (Symbol count 
is 0) 


E20-E21 


Add 4 to sort bin address. 


Set paging latch if 512 
carry on address update. 
E23 


Issue 'FMTN* £13-15' micro~ 
order to gate bin data in M 
to X. 


This moves the second word in 
the doubleword into the first 
word position. 


Make memory request for 
next sort bin data. 


Interrupt 
pending 


Yes @ 


17 
No 
; E24 
_ Update NRMA +8. 
E2B 


Gate SDBO (sort bin data) 
into LM. 
Set E13-15 to 6. 


1 This moves the first word in the 
doubleword into the second word 
| position. 


Issue 'FMTN* E13-15' micro- 


order to gate bin data in L to Y. 


Update insert count - 8. 


Store bin data (KY) into \ -geclincnedieheh 
New Refresh memory. I memory. 
Set EI3-15 to 7. 


Save sort bin address (IC) 
in GPR 6, 


Branch 


(3) 01 on insert 00 
symbol Symbol 
ymbo 
All insert EounE count 
data stored equals 0 
10 a 00 
E2A 


Update sort bin address 


+4 and store it in 
GPR 6. 
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QQ521 E25 


Turn off STAT G. 


Yes 


Progrom 
Interrupt 


No 
EAF EAD 
Store last bin address in GPR 6. Update NRMA +8. 


Turn on STAT G. Gate SDBO (sort bin 
data) to LM. 
cote ace Set E13-15 to 6. 


Issue '"FMTN* E13-15° to gate 


last bin data from L into Y. 


Sheet 
19 


£22 


Update symbo! count 
(IC) +4. 


Set paging Jatch if 512 
carry on update. 


Issue FMTN* E13-15 micro- This moves the second word 


in the doubleword into the 
first word position. 


order to gate bin data in M 
to X. 


.Make memory request per IC. 


E29 


Update sort bin address 
+8. 


Set paging latch if 512 
carry on update. 


This moves the second 
word in the doubleword 
into the first word position. 


Issue "FMTN* E13-15' micro= 
order to gate sort bin data 
in M to X. 


Make memory request for 
next sort bin data. 


E28 


Update sort bin address +8. 


Set paging latch if 512 carry 
on BINAD update. 


Issue FMTN* E13-15' micro- 
order to gate last bin data 
from M to X. 


Make memory request 
per IC. 


Sheet 
17 


Loc rie : ee Sheet Sheet Sheet Sheet 
17 16 18 20 


QOQ54! E4D 


There is an interrupt pending. oe ee 


Set the INTRPT ID codes 
and prepare to terminate 
execution to allow the 


interrupt. QQ54) EOF QQ54I E09 


QQ541 Set JINTRPT [D code of E. Set INTRPT ID code of A. 


No 


E51 Turn off STAT G. 
Set INTRPT ID code of 
2 in F (0-3). 


Set INTRPT ID code of 
4 in F(0-3). 


Yes Program 


Interrupt 


ESF 


Store sort bin address 
in GPR 6. 


QQ541 E9D 


Set E8-15 to 2. 
Store last NRM data 
formatted. 


Program 
Interrupt 


E9C 


Store last data in NRM 
from XY, 


Turn off STAT G. 
EAO 
Set E(8-15) to 4 or 6. 
Turn on STAT G. 


Gate NRMA +8 to 
GPR 5 and B. 


Program 
Interrupt 


Gate NRM interrupt 
address (GPR 5) to T. 


Turn on STAT G. 


Gate T(NRM address) 
to B. 


i Interrupt address. 


Gate NRM address to 
GPR 5 and B. 


Turn off STAT G. , 


Current NRM address. 


Gate 1C (ORMA or bin 
address) to GPR 4 or 
GPR 6 (per E(11-15). 


Subtract I from F(0~3) 
(INTRPT ID). 


EA7 


Gate starting NRMA 
(FPR 3) to T. 


When the instruction is interrupted while operating in 
the section which does the actual moving of symbols, the 
INTRPT ID codes are set as diagnostic aids. Before 
allowing the interrupt, the number of symbols which 
have been moved is used to determine where the in- 
struction is in its operation, and the symbol counts are 
set accordingly. For example, if 25 symbols have been 
moved and the beginning history and current counts 

were 10 and 20, respectively, the history count would 
be set to O and the current count to 5. By doing this, 
all re-entries (after the instruction has been inter- 
rupted while moving symbols) can be to the routine 
which initiates the old refresh to new refresh move, 

and execution can continue as if it had been intial 
entry. 


Subtract starting NRMA 
from current NRMA and 
gate result to B. 


B now equals the 
count of the bytes 
moved. 


Gate starting ORMA (FPR- 
0) to ST. 


Is 
this first 


NRM store or No ; 
first ORM 
fetch 
Sheet ve 
20 E9B 
Ls) Gate starting NRMA (FPR 3) 
to GPR 5. 


QQ54i Cbg 


Set 9 into F(4-7). H Stotus code. | 
*3-letter designations identify 


actual line edge connectors on 
CAS page. 


Sheet Sheet 
21 . 20 


Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 19 of 21) 


7201-02 FEMDM (7/70) 5-902, Sh 19 


E37 
Set INTRPT ID code of C 
into F(0-3), 
Compute the number of symbols 
which are still to be moved and 
set the counts to the proper 
values so that re-entry will Yes 
begin where execution was Hite 
interrupted. aterrup 
No 
QQ541 EIA QQ541 EBF QQ541 EBD 


: Subtract 1 from F(0-3) 
Gate starting ORMA (S) Gate NRM interrupt (INTRPT ID). 
to A. : address (D) to GPR 5. 


ODD Yes Turn on STAT G. Turn off STAT G. 
Delete 


Subtract 4 from ORMA ah 
result to GPR 4. Set E(8-15) to zero. 


: Gate history count (GPR 0) ; 
to T. ; 
Subtract history count from 
count-moved result to A,D. 

Gate starting ORMA (GPR 4) 
to S, 


Set history count 
(GPR 0) to zero. 


This results in the number of 
| current symbols moved. 


Moving 
current or All history 
Branch insert . not moved (All history moved) 
or above 01 10 


subtraction 
result 


Gate current count 
(GPR 1) to T. 


Store remaining history on 
current count in GPR 0 or 
GPR 1. 


This results in the 
| number of insert 
bytes moved. 


Subtract current count from 
the number of bytes of 

_ current date moved, result 

to A,D. 


Set current count (GPR 1) to 
zero. 


| This is the 
{ current ORMA. 


Add count moved to start- 
ing ORMA, result to GPR4. 


Branch 


on above (History and 
subtraction current 
Branch 01 result moved) 
on above 
subtraction 


result 


EBS EBé 
Subtract insert count moved Add count moved to start— 
(D) from total count moved ing ORMA - result to Set E (8-1) to I. 
(8) result to B. GPR4 (next ORMA). 


Add resulting count (B from 


NRMA 
previous block) to starting and bin 
ORMA, result to IC. address both 
(Gives current ORMA) on dblwd 

boundarie 


Add 4 to sort bin address 
(GPR 6) )to adjust). 


Adjust current ORMA to 
point to next doubleword 
(add 4 to it). 


Store current ORMA 
in GPR 4, 


Gate original insert count 
(FPR 2) to B. 


Gate number of insert 
bytes moved (A) to T. 


Subtract number of insert 
bytes moved (T) from * 
original insert count (B), 
result to FPR 2. 


Result is number at 
insert bytes left to 
move. 


*3-letter designations identify 


actual line edge connectors on Sheet 
CAS page. . Ss) 19 
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Sheet 
8 


QQsll F27 


Set INTRPT ID code of 2 into 
F (0-3). 


Objectives: 


Terminate the instruction 
execution. 
RPSB performs a time clock 


update if one is called for 
rather than allowing that 


type of interrupt. Save history symbol 


count (K) in GPR 0 


QQ511 


Set INTRPT ID code 4 into 
F(0-3). 


FID 


To separate history and 


Store null descriptor 
current descriptors. 


in NDT. 


Save history symbol 
count (K) in GPR 0 


E3F 


Save ODT address (iC) 
in GPR 2. 


EA 


wo 


Save NDT address (D) 
in GPR 3. 


QQsii EAC 


Gate 360 IC (LSWR) to 
IC (via S). 


Reset K. 


_ 
~~ 


Gate INTRPT ID (FO-7) into 
GPR 8. 


Non 
Program 
Interrupt 

Termination 


No 


Turn off STAT G. 


Program 
Interrupt 


Make memory request 
per IC to restore Q, 
R, and E. 


E9D 
Update IC +8, 
Cae 


Subtract 2 from 360 IC. 


(IC now adjusted back to 
this RPSB instruction) 


*3-letter designations identify 
actual line edge connectors on 
CAS page. 
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4 5 Vv 6 
Sheet Sheet Sheet Sheets 
11 4 13 3,11 
12,19 
F3B QQsil FO5 QQsil DDI 


Set INTRPT ID code of 6 into 
F(0-3). 
Save current symbol count 
in GPR 1. 


Divide history symbol count - 


Set INTRPT ID code of 1 into Set INTRPT ID code of 1 
F (0-3). into F (0-3). 


Save ODT address (IC) in GPR 2. 


by 4 to convert it to bytes 
from words, result to GPR O 


Turn off STAT D. 


Yes 


Time 
Clock step 
Interrupt 


CCl 


Fetch timeclock value (address 
50) per D and gate it to B. 


Update timeclock value. 
Store updated timeclock 
value at address 50. 


Time- 
clock 
overflow 


Turn on timeclock at 
limit trigger. 


Interrupt 
pending 


Time- 

clock update 
routine entered 
from 
RPSB 


Yes 


No 


Sheet 
1 


Microprogram branches back 
to instruction which entered 


the timeclock step routine 
CSS or CVWL. 
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2 
Diagram 5-6 


RR I - Fetch 


Read double- , 
A word from in= . e@ RR Forma 
fo AB. Set up | | ee | 
to AB. Set up 
Ito begin pro- ° 78 n12 s 
cessing input. 


e@ Purpose: Submits an input stream of either Radar or Beacon 
co-ordinates to one PVD's geographic and sterile area 
; filters; converts the co-ordinates from system scale to PVD 
QQ201_ 9% 082 scale if all filters are passed; assembles an output word and 
Gate GPR 9 stores it in the proper sort bin location. 
(input stream 


S address) to D 
(via T). 


i R2 field must 
always equal 
9. 


Gate constant 


(C0) to F. 


Make memory 
request per D 
for input . 
doubleword. 


Gate GPR 8 
> (sort bin base) 
to T. 


Save input 
stream address 
(gate D to K). 


Gate GPR 10 
(input word 
count) to S. 


If no output, 


Set condition lec equals 
] 0. 


code to 0. 


Gate sort bin 
base address 
(T) toD 

D "| (via PAL). 


Exclusive or 
F (CO) with 
T (0-7) 

thru SAL. 


SAL No 
equal to ns i a ca 
Zero | Right word 
indicator 
we | RW) is off. 
Turn on 
STAT A. 
E Gate GPR 12 
to S and 
GPR 38 to T. 
-| GPRs 12 and 
13 to be used 
Store GPR 12, | as working 
ig ae a regs suring 
sort bin execution, 
base address). will restore 
at end. 
Set £(12-15) 
to 0. 
Gate input 
doubleword 
into AB. 
(Ft feta) No (Beacon input) 


equals 


0 


Yes 
(Radar input) 
| This area used 
J by CSS to save 
| previous 
header 
| information. 


Update D + 8 
(sort bin base 
+8). 


Gate K 
(input stream 
address) to 

D. 


Gate constant 
(OC) to F. 


Gate con- 
stant (OC) 
to F. 


Make memory 
request per D. 


! Restore old 
H header. 


Gate S (word 
count) to 
H PAL. 


PAL Yes 


> | Sheet Sheet 
: ke 
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Sheet 
3 


(RW on) 
10 11 


Objectives: 


Prepare to 
process the 


(RW off) 


right word of 
the input 
doubleword. 


QQ251 C12 


Gate input 
word (B) 
to A. 


Gate SDBO 
(00-31) to T 
(32-63) 


Store old 
header (T) 
in LSWR. 


Gate K (input 
stream address) 
to D. 


Gate bright- 
ness control 
bit (R) to F. 
(S(O) thru SAL 
to F). 


Gate GPR 8 
(RW indicator) 
to T. 


Reset RW bit 
in T. 


Store T back 


in GPR 8. 


F(4-7) =9 
SAL = 0 


F(4-7) =9 
SAL 40 


Initial 


(Dataword) entry 


Gate input 
stream address 
(K) to D. 


Gate R bit 
from S (ld 
header) into 
F (thru SAL). 


(brightness 
control bit) 


Set STAT H. 
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(Header) 


Gate constant 


(09) to F. 


Gate GPR 1] 
(conversion 
constant) to S. 


Determine 
type of input, 
Radar or 

Beacon. 


Radar 


Prepare to 
process the 
left word of 
the input 
doubleword. 


QQ251 CI3 


Store right 
word in 


GPR 12 
(via T). 


F (4-7) 
equals 


Yes 


Check for 
header word. 
AND A (0-7) 
with 80 and 

store result in 
F. 


Gate SDBO 
(00-31) to T 
(32-63) 


Store T (old 
header) in 
LSWR. 


Gate left word 


(A) to T. 


C4E 


Gate GPR 11 
bit 0 (R bit) 
to S. 


Set E(12-15) 
to 0. 


Determine if 
this is initial 
entry or re- 
entry to this 
input stream 
and if the in- 
put word is a 
header or a 
data word. 


Gate F (in- 
put word bit 
0) to SAL. 


Entry 
determination, 


Gate input 
stream address 
{K) to D. 


Beacon 


No 


Re-entry 


| Instruction 
{ execution 
just beginning. 


Moves BL, BR 

bits to T(44- 

45) on initial 

entry-left 

| data word to 

| T onre- 
entry. 


F(4-7) #9 
SAL #0 


(Header) 


Used later 
for initial 
I entry flag. 


01 


Sheet 
9 


Check for 
header word. 
AND A (0-3) 
with 8 and 

store result in 


F(0-3). 


F( 4-7) #9 


SAL = 0 


(Dataword) 


Sheet 
4 


00 


Sheet 
9: 
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Gate B(32-39) 
to A(Q-7). 


Gate S(0-7) 
to F. 


Gate GPR 10 
(word count) 
to S. 


Gate $ to B. 


Gate A(J-7) 
to T(S6-63). 


Word count 
(S) to B. 


Input stream 
address (D) 
+8 and back 
to D. 


Set D carry 
latch if input 
address up- 
date gave 512 
carry. 


Make memory 
request for 
new input 
doubleword. 


Store T 
(header in- 
formation) 
into LSWR. 


Set STRAT H 
if R bit 
(GPR 11 bit 
B) in F is 
off, 


Input 

word count 

equal 
1 


No 


Subtract 1 
from word 
count (B thru 
PAL to B). 


Subtract } 
from B (thru 

PAL ond into 
T). 


Store updated 
count (T) in 
GPR 10. 


Gate constant 
(OC) to F. 


Interrupt 
Pending 


Gate new in- 
put double- 
word into AB. 


count = 0 


No 


Sheet 
2 


Yes 


New symbol 
to A(0-7) 


S contains 
| brightess con- 
trol bit (R) 
from GPR 11. 


New header 
| now assembled 
in T. 


Indicates the 
end of page. 


Replaces old 
header infor~ 

| mation with 

new. 


32 


6 
B 
L 
43 44 45 46 55 56 
C47 
Reset T and 


store in 
GPR 10 to 
reset count to 


Sheet 
5 


Symbol 


63 


Sheet 
2 


Perform geo- 
graphic filter 

to determine 

if the input 
target is with~ & 
in the geo- 


Read FPR 0 
to T (per 
E (12-15) 


Gate constant 
(CO) to F. 


Step E(12=15) 
+1 (to 1). 


QQ221 C34 


Subtract T 
from B - result 
to B. 


Set limit 
latch if above 
result is not 

positive. 


Turn on 


STAT G. 


Gate F(0-3) - 
1 back to 
F (4-7). 


Read FPR 1 to 
T per 
E(12-15). 


Subtract T 
from A- 
result to K. 


Set limit 
latch if 
above result 
is not minus. 


Step E(12-15) 
+1. 


Read FPR to 
T per 
E(12-15). 


Step F (4-7). 


+ land gate 
result back 


to F (4-7). 


Perform sterile 
area filters to 
determine if 

the input tar- 


Subtract T 
from A. 


Set limit 
latch if above 
result is not 
positive. 


Step E(12-15) 
+1, 


Step F(4~-7) 
+1 and gate 
result back to 
F(4-7). 


Read FPR to T 
per E(12-15), 


(To sterile 


Geographic 
origin. 


Geographic 
origin from 
input point. 


1 F value now 


| OB. 


| Geographic 
limit. 


Geographic 
limit from 
input point. 


I Sterile area 
| 1 or 2 origin. 


STAT G-ON 
limit latch -OFF 


ft Sterile area 
| origin. 


Will be set if 
| target is out- 
| side sterile 

area. 


(To next 
sterile 
area filter) 


Results are 
I saved for 

1 diagnostic 
program use. 


Subtract T 
from A - re- 
sult to K. 


Set limit latch 
if above re- 
sult is not 
minus. 


Step E(12-15) 


+1. 


Read FPR to T 
per E(12-15). 


Step F(4-7) 
+ 1 and gate 


result thru 
SAL back to 
F(4-7). 


No 


Yes 

Save input 
e address (D) 

in Kk. 


Gate con- 
version con= 


stant (GPR 11) 
to S. 


Set F (0-7) 
to 40. 


Yes (To conversion routine) 


No 


(Sterile 
area 


3 failure) Sheet 2) 
5 


STAT G-on 
a eee limit latch - ON 
limit latch-OFF 
i (Geographic 
ately filter failure) 
or 2 
failure) 


STAT G-OFF 
limit latch-ON 


et (Left word 
target No Yes eh 
j jected- 
rejected) rancho da 
process right 
word. ) 


Sheet Turn on 
s Yu) STATA. 


input double- 
word. 


QQ221 y C31, C32 


Make stor- 
age request 
per D. 


Update input 
data address 
(D) + 8. 


Set D latch 
if 512 carry 
on D update. 


QQ201 


Gate word 
count (S) to 
B 


Set E(12-15) 
to 0. 


Sheet 
5 
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7201-02 FEMDM (7/70) 5-903, Sh4 


a next target 


Sheet 
4 


B Objectives: 


Prepare to 
check the 


which was in 
the right word § 
B of the input 
doubleword. 


QQ2214 C33 


Gate input 
count (S) to 
B. 


Read right 
word (GPR 12) 
to S. 


Reset STAT A. 


Set E(12-15) 
to 0. 


Gate right 
word (S) to A. 


Set F(Q-7) to 
constant (CO). 


Read FPR 
(per E 12-15) 
to T. 


Step E(12~15) 
+1, : 


Decrement word 
count (B) - 1 - 
gate result back 
to GPR 10. 


Input No (Enter geographic filter) 
count =0 


Yes 


Input stream 


Sheet 
4 


Update input 
‘data address 
(D) + 8 and 
gate to B. 


Gate OC to 
F(0~7). 


Read sort bin 
base address 
(GPR 8) 

to S, T. 


aa2n¥c3p_ 


| Sort bin base 


vale tere, | address to D. 


Exclusive or 


S$ (4-5) are DS 


S (4-7) with I bits, if on 

F(4=7) thru | SAL will be 

SAL. 0. 
<> Yes 

No : 


Turn on 
STAT B. 


: C3E 
Store Tin | 
GPR 8. : J 


ake memory 
request for 
data to re- 
store GPR's 
12 and 13 
(sort bin base 
“address + 8). 


Resets RW and 
DS bits in 
GPR 8. 


C88 


Make mem- 
ory request 
(per D) to 
store header 


Adjust input 
data (prime) 


address (B - 8 
to T). 


and diag- 
nostic deta in 
sort bin base 
work area. 


Store Tin 
GPR 9. 


Sheet 
10 


STAT B 
causes CC 
| to be set to 1. 


Memory re- 
quest is 
issued before 
data is 
gated into 
ST. 


v jj v 


Sheet 
4 
Multiply routine - used by both 


CSS and CVWL. 


Objectives: 


a Multiplies 
both X and Y 
f co-ordinates 
B by the six bit 
conversion 

constant. 


QQ23) CA5 


AND S$(24- 
27) with 
F(0-3) thru 
serial adder. 


Checking 
scaling con- 
trol constant 
bits 24-25) 
to determine 
which scale. 


Gate $(24-27) 
to F(0-3) 
thru SAL. 


No (Large or Smal! Scale) 


(Mid Multiply B(X 

scale) and Y co- 

| Gate B ordinates) 
(X and Y by 4. Gate 


co-ordinates) result to T. 


to T. 


Multiply X 
and Y co- ~ 
ordinates by 
first two bits 
of the con- * 
version con- 
stant. 


Multiply X 
and Y co- 
ordinates by 
second two 
bits of the 
conversion 
constant. 


AND CO 
with F thru 
serial adder. 


| Checking bits }- 
24 and 25 to 
see if this is 

| large-scale 
conversion. 


No (Mid or small scale) 


(Large 
scale) 
Multiply X 
and Y co- 


ordinates by 


ecioste by last two bits 
ast two bits of con= 
of conversion version 


constant. enstant. 


‘Divide the 
multiplication 
result by 16 
and gate the 
result to B 
and T. 


(Conversion 
is complete) 


Move con- 
verted Y co- 
ordinates 
(132-47) to 
A(16-31) and 
B(48-63). 


This leaves X 
co-ordinates 
in T (48-63). 


Set F(0-3) 


to zeros. 


AND (T(48- 
55) with 

F(0-7) thru 
serial adder 


and gate back 
to T(48-55). 


This removes 

| the extraneous 
bits from 
converted X 

I co-ordinate. 

| Also checks 

1 two high- 
order X bits 

| for 00 


value. 


Yes (CVWL) 


No 


This removes 


Gate T(48-63) 

thru PAL and | par io 
PAL (32-63) Mom Te 

to T(32~63) | leaving the 


and A(00-31). 


] converted X 
co-ordinate. 


Store X co~ 
ordinate (T) 


in GPR 13. 


converted x co-ordinate 


Sheet 
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31 32 "47 48 63 


converted Y co-ordinate 


16 


STAT D on 
indicates that 
this routine 
wos entered 
from the 


CVWEL in- 
struction. The 
microprogram 
branches back 
to CVWLE now. 


: Sheet 
5 


’ : 


co-ordinate co-ordinate 
Perform corner 


filters. 
(Corners can- 
not be dis- 
played on 

PVD face. } 


QQ241 


YY YYYYYYYY XX XXXXXXXX 


Two 

high-order 

X co-ordinate 

bits equal 
00 


Yes 


io 
NN 
°o 
N 


Two 

high-order 

X co-ordinate 

ells gue) 
] 


X co- 
| ordinate high- 
order bits = 10 
or O1. Not in 
corner bin. 


SAL together. Result is 
in SAL. 


xX 
| <o—_—-——~ Adds co-ordinates 
| 
| 
| 


Sort Bin The target is rejected if there 

Selection is no carry out of bit 0 or if 

| | | | SAL is all zeros or any com- 
bination of the two. 


Complement 
the eight low- 
order X co- 

ordinate bits. 


If tgt is in 
corner bin., 

iH will be bin 

4 or 16. 

| Complementing 
X allows 

| routine which 

peheeks bins 1 
and 13 (0 to 

| 256) to check 

jbins 4 and 16 
(644 to 900). 


Two 
high-order 
Y co-ordinate 
bits equal 
00 


Two 
high-order 
Y co-ordinate 
bits equal 
1] 


Y co- 
| ordinate high- 
order bits = 10 


Two 
or 01. Not in | «—— high- 
A corner bit. 1 order 

1023 bits 

of X. 


Add the eight 
low-order X 
co-ordinate 
bits (true or 
complemented) 
to the eight 


Target is not 

in a corner 
bin. Begin 

| output for~ 


Point of target rejection. If the 
result of the addition of the X and 
Y co-ordinates is 256 or greater 


low-order Y | matting for —_—_—— (carry out of SAL), the target is 
output word. —_— not in the corner (shaded area) and 
Sase 
—_— . will be displayed. 


Actual Conditions 
(Four-way branch) 


00, 01 or 11 Target rejected 


Target 
accepted 


Combine Y 
and X co- 
ordinates tn 
GPR 13 
(Y-31-21, 
X-23-31). 


Set B fo ones, 


Save E(8-11) 
in K. 


Read GPR 10 


(word count) 
to S. 


Gate header 
info (LSWR) 
to T. 


Gate K 
(next in- 


Save high- 
order Y and 

X bits in F 
(YYOOYYXX). 


F(4-7) 
(YYXX) is 

the bin num- 
| ber in which 
the target is 
located. 


put address) 
to D. 


Gate header 
info (T) to 


B shifted Sheet 
right four 4 
places. : 


If the bright- 
| ness control 
[bit (R) is on 
(STAT H off), 
No | the brightness 
ot in the out- 
put word must 
be set to zero. 


Sheet Sheet 
7 7 
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Sheet 
ae: 


QQ241 CA2 


bit (Br) while 


gating B(48-49) 


proper sort bin. & 


QQ241F CA2, CA3 


(header) to B. 


Read GPR 13 
to T. 


CB2 


Gate F(4~7) 
(bin number) 
to E(12-15) 

and B(64-67) 
shifted right 
one. 


Gate BI and Br 
bits to F(4-7) 
and bin number 


to F(0-3). 


Gate S bit 
and symbol to 
(T32~39) from 


B(55-63). 


Restore 
E(8-11) 
from K. 


Gate GPR 8 
(sort bin base 
address) to S. 


Gate F(4-7) 
(BL and BR) 
to T(44-45). 


Set condition 
code fo 1. 


Gate com- 
pleted output 
word to 

GPR 13. 


Gate sort bin 
base address 
(S) to A. 


Set F(4-7) 
to (0100). 


Read GPR per 
E(12-15) 
into T. 


Gate B(64- 
67) to PAL. 


Yes 


(Odd 


Update bin 
displacement 
T(48-63) + 4 
and gate it 

to B. 


Read GPR 9 
(next input 
address) 
into S. 


Add sort bin 
base (A) to 
sort bin dis- 
placement (T) 
and gate re- 
sult to D. 


Gate updated 
bin displace- 
ment (in B) 

back to T. 


QQ251} ¢50 
Store updated 
bin displace- 
ment in oppro- 


priate GPR 
(per E12-15). 
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Gate BL and 
BR bits from 


B(48-49) to 
F(O-1). : 


Y and X co- 
| ordinates in 
| T for assembly 
of output word 
| (y-45-53, 
X-55-63). 


| B(64-67) will 
| be 0's if an 
even bin. 


Assembling the 

I 

poutput word in 
T. 


| Output word 
| completed. 


E(12-15) con= 

| tains bin num- 

| ber and bin 
displacement 
is now 

| read into T. 


(Even bin) 


Update bin 
displacement 
T(32-47) +4 
and gate it 

to B. 


Set marks 
0-3 or 4-7 

to store out- 
put word. 


Read GPR 13 
to S and T. 


Store output 
word. 


Sheet 
8 


Prepare to 
honor the 
pending 
interrupt. 


QQ211 C28 


Read GPR 8 
(sort bin base 
address and 
indicators) 
to S and T. 


Update input 
address (D) 
+ 8 and gate 
result to B. 


Gate sort bin 
base address 
(T) to D. 


Exclusive or 
DS bits with 
constant OC 
into SAL/ 


(DS Yes 
bits on) 


Set 
STAT B. 


Input 
word count 
=0 


Yes 


No 


Program 
Interrupt 


No 


C3C 


Restore input Sheet 
address by 5 
subtracting 

8 from B 

and gating 

result to T. 


Store Tin 
GPR 9. 


Adjust IC 
to point to 
the CSS 
instruction. 


Gate DS 
indicator 
bits to T 
(32-39) 
from 


GPR 8). 


Set DS bits in 
GPR 8. 


Make mem- 
ory request 
per D for data 
to restore 
GPR's 12 and 
13. 


Update D + 8. 


Sheet 
10 


Sheet 
7 


QQ251 C31 


Gate S (next 


input address) 
to K. 


Turn on 
STAT B. 


Add 4 to D 
and gate to 
PAL. 


512 
carry in 


PAL 


Yes 


Objectives: 


Save all re- 
quired infor- 
mation, set 
proper con- 
dition code, 
and prepare 

to end op 

to allow exe- 
Acutive program 
Bto furnish a 
new sort bin. 


QQ251 C3B 


Gate K (next 
input address ) 
+ 8 to D. 


Gate GPR 10 
(word counf) 
to S. 


Turn off 
STAT D. 


Fetch input 
data per D 
to allow 

paging. 


Set B to 
all ones. 


Gate S 
(word count) 
-TtoT. 


Store updated 
word count 
(T) in 

GPR 10. 


Gate bin 
number into 


F (4-7). 


No 


Yes 


Gate K (next 
input address ) 
to T. 


Gate sort bin 
base address 
(GPR 8) to S. 


Set condition 
code to 2. 


Gate constant 


(C) to F(0-3). 


C52 


Gate S (sort 


bin base 
address) to D. 


No 


Bin 
page 
overflow 


set. 


address) to 


On causes 
condition 
code | to be 


Checking for 
bin page 
overflow. 


(input target has been processed) 


Turn off 
STAT A. 


(Next input is left word 
or Beacon data) 


Gate D (up- 
dated input 


T. 
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Store bin 
number in 
GPR 9 
(4-7). 


Yes 


Objectives: 


Prepare to 
read in a 


new input 
doubleword. 


QQ251 C3A 


Reset 
STAT B. 


Make 
memory 
request 
per D. 


Set RW 
(right word) 


bi 


it on in 


GPR 8. 


Gate K 
(next input 
address) to . 
D 


Gate GPR 10 
(word count) 
to S. 


Sheet 


Condition 
code must 
be 2 when 
end op. 


Set DS 
(data stored) 


bit on in. 


GPR 8. 


Sheet Lv) 
5 
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Objectives: 


Save header 
information : 
from this input 

data block. 


QQ201 cit 


Update input 
address (D) 
+8. 


Gate GPR 11 
(altitude mask) 


to S. 


Store header 
(A) in LSWR 
(via T). 


AND A(0-7) 
with constant 
(80) - gate 

result to SAL. 


Yes 


No 


‘Objectives: 


Check for an 
altitude 
match. 


2 QQ201 CIE 
> Gate VFR, R, 
N, and SB 
bits from 
header word 
(A) into. 
F(0-3). 


Set E(12-15) 
to0. 


AND altitude 
mask (S8-15) 
with altitude 
key (A16-23)- 
result to SAL. 


Yes 


No 


Gate GPR 11 
(0-7) to 


& F(0-7) (via 
S). 


Objectives: 
Prepare to 
submit input 
target to 
filters for 


> display. 


QQ201 C15 


Set F(1-7) to 
zeros and 
save the state 
of Fit 0). 


Update input 
address (D) 
+8. 


Make memory 
request per D. 


Yes 


(Brightness 
ctrl. bit No 
off) 


Set STAT H. 


Set F to CO. 


Read FPR per 
E(12-15) to T. 


Step E(12-15) 
+1, 


‘Gate input 
data block 
word 5 and 6 
into A,B. 


| RW indicator 
l ignored on © 


1 control bit 
J (R)to F 


1 Geographic 
| origin to T 


| co-ordinates 
| to be checked 


Beacon data. 


| To check for 
| proper header 
word format. 


‘An altitude 
Jmatch indi- - 

cates the input 
Jrorget is at an 
altitude that 

this PVD is 
monitoring. 


(Not an altitude match) 


Brightness 


bit 0). 


To address 
word 5 of 
data block. 


Gates Y and X 


into A. 


C07 


Gate F(0-3) 
(header bits) 


to SAL. 


Yes 


No 


Check input 
bits for sel- 
ected Beacon 
(SB) bit on. 


QQ201 


Gate F(0-3) 
(header bits) 
to SAL (4-7). 


C2C 


Update input 
address + 8 
and store in 


Gate PRD 
index (PVD 
address) from 
S(1-7) to 
F(1~7). 


Diagram 5-903. Convert and Sort Symbols, CSS (02) (Sheet 9 of 10) 


5-903,Sh9 (7/70) 


Prepare to 
_end op and 


set proper 
condition 


QQ211 CIF 


Gate input 
address (D) 
to B. 


Read GPR 8 
(sort bin base 
address) to 
T. 


Set condition 
code to 3. 


Gate-T to D. 


Turn off 
STAT B. 


Sheet 
5 


(Not selected Beacon data - 
no type bits on - data 
block rejected. ) 


C2D 
Update input 
address (D) 
+8 and 
store in T. 


Update T 
+ 8 and gate 
back to D. 


Set the D 
carry latch 
if 512 carry 
on last 
update. 


Make mem- 
ory request 
per D (for 
next header 
word). 


Read GPR 10 
into S (input 
count). 


Gate input 
count (S) 
to B. 


Set E(12-15) 


to0's. 


Sheet 
3 


D is now 
addressing 
the next 
header 
word, 


For page 
overflow. 


Gate index 
word 1 from 
Bto A. 


Gate index 
word 2 from 
S to B. 


Sheet 
y 


Check the 
index bit tin 
input word 
2,3, or 4) 
for this PVD. 
If the bit is 


a one, the 
selected 
Beacon data 
is to be dis- 
played on this 
PVD. ) 


QQ201 C17 


Update D 
(input address) 
+8. 


Gate PVD 
address (F) 
to T(55-63). 


Turn on STAT 
D. 


Make mem- 
ory request for 
second double- 
word of input 
data block. 


Gate words 1 
Sand 4 of ' 
input data t 
block into ! 
$7 1e 


Word 2 is in 
B. 


Check PVD 
index bits 0 
and 1 to choose 
the correct 
index word. 


Clé “ea 


Value 
of bits 1 
and 2 


Gate index 
word 3 from 
T to A. 


Brightness 
control bit 
(R) on. 


Yes 


Update D 
(input 
address) + 8. 


Read GPR 10 
(input data 
block count) 
to S. 


Set E(12=15) 


to zeros. 


Gate bits 2, 
3, and 4 of 
PVD index 
(F) to ABC. 


Decode 
F (5-7) to 
select one bit 
from the byte 
gated by ABC. 


Gate the 
selected bit 
to SAL with 


zeros for 
other 7 bits. 


PVD 


index 


(GPR 11, 


1-7) 


(address) 


Reset A,B to 
zeros. 


Turn on 
STAT H. 


Yes (This input data block rejected) 


(This 

PVD No 

selected) 
Objectives: 


Diagram 5-903. Convert and Sort Symbols, CSS (02) (Sheet 10 of 10) 


Prepare to 
submit the 
input target to 
the filters for 
display. 


QQ201 


Sheet 
3 


(Invalid 
condition) 


Gate header 
information 
(LSWR into 
S$). 


Gate K 
(diagnostic 
data) into T. 


Gate GPR 12 
and 13 data 

from SDBI to 
A,B. 


Turn off 
STAT G. 


Set marks 0- 
7 and store 

sit (header 
and diagnostic 
data) per D. 


At sort bin 
base address 
| +8. 


Gate A to 
GPR 12 (via 
PAL and T) 
to restore 
GPR 12 


contents. 


Gate B to 
GPR 13 (via 
PAL and T) 
to restore 
GPR 13 


contents. 


Set condition 
code to I. 


QQ201 


Gate words 
5 and 6 of 
input data 

block into 

A,B. 


| Y and X co- 
ordinate inA. 


Gate S$ (input 
count) to B. 


QQ201 C08 


Gate constant 
(CO) to F. 


Read FPR 0 
(per E12-15) 
into T. 


| Geographic 
| origin. 


Step E(12-15) 
+1. 


Gate K 
(input address) 
back to D. 


Reset STAT D. 


Lo) Sheet 
4 


7201-02 FEMDM_ (7/70) 


5-903, Sh 10 


RR Format 
io ae ee 
0 7 8 11:12 15 


(Input weather line has been rejected) 


Check XY co-ordinates in right input 
word (B) to see if that end of the 
weather fine is within the PVD 
geographic boundaries. 


Read an input-doubleward into AB (from the 
storage address in GPR9). 


Update the input address and store it back 
in GRP9, 


Input 
word count 


(in GPR 10) 
=0 


Within 
boundaries 


Yes 


No 


(Truncate right word) 


Input 
doubleword 
to] 
Header 


Truncate the weather line unti! the 
co-ordinates in the right word are 

within the PVD geographic area (in 
the outer one-tenth of the area. 


No 


Yes 


Save the header information (needed for 
output doubleword). 


a Check XY co-ordinates in left input 
word (A) to see if that end of the 
weather line is within the PVD 
geographic boundaries. 


Check the co-ordinates to see if 
that end of the weather line is 
within any (of 3) sterile areas. 


In 
a sterile 
area 


Within 
boundaries 


Processing 
left input word 
Turn on STAT G (word one needs (not 
truncated) 


(Both ends of the weather line are within the PVD area) (Truncate left word) 


QQ231 


Truncate the weather line until the 
.co-ordinates in the left word are 

within the PVD geographic area {in 
the outer one-tenth of the area. 


Reset STAT G. 


Convert the two accepted sets of 
‘co-ordinates from system scale to 


PVD scale (multiply by a conversion 
constant). 


QQz28l 


Compute the delta ( A) co-ordinates. (Actual 
co-ordinates for one end of the line, and A 
_co-ordinates, for the other end of the line, 
appear in the output doubleword. ) 


Assemble data (header info) for output 
doubleword in T and gate it to M (as 
format word 0). 


QQ29I 


Save all data required to continue 


processing input stream after the 


Gate format word 0 (M) thru interrupt has been handled. 


mixer into XY. 


Assemble data ( A co-ordinates for output 
doubleword in T and gate it to M (as format 
word 2). 


(No more input 
Yes to process) 


Input 
word count 


=0 


No 
Gate format word 2 (M) thru 


mixer into XY. 


Program No (External interrupt) 


Assemble data (major co-ordinates) for interrupt: 


output doubleword in T and gate it to 
M (as format word 1). 


Yes 


: There has been a program ; . 
Gate format word 1 (M) thru ‘erroe: Branch to the interrupt-handling 
mixer into XY. End Op routine. 


Store XY (output doubleword) in 


refresh memory. 


QQ291 


Interrupt Yes 


pending 
Diagram 5-904. Convert Weather Lines, Simplified Flowchart 


5-904 (7/70) 


RR Format 
pe fm | | 
0 78 12 15 


2 


@ Purpose: Submits an input stream of weather line co-ordinates 


i to a particular PVD's ge i i i ; 
Gate the first doubleword from the e ie ign Sgrophic end stetile-area mierer: A 
Ache Senta etn shortens the line, if necessary, to make both ends fall within 
p : the PVD boundaries; converts the co-ordinates from system 
. scale to PVD scale if all! filt ; 

Test to see if the doubleword contains Se oe passed; ase rable” the 

s : : converted co-ordinates, the symbol, and the control bits 
header information or weather line z : 

: into an output doubleword, and stores that doubleword in 
co-ordinates. 


the PVD's refresh memory. 


QQ291 Input doubleword (header) 


Gate address of next input word | GPR 9 contains this address. The R2 
fo D. field in the instruction must always 


contain the value 9. 


fos symtat 


10111213 14 31323334 3940 63 
Gate constant (80) to F. 
/ Input doubleword (data) : 
i YS XS 
—_—_— 
Make a memory request for /—- 0 151617 313233 47 48 49 63 


the first input word. 


\ 


LS Output doubleword 


Gate IC (address of the next ye DID/B 4|4 ¢C 
instruction) to the LSWR (via T). olomntelak L S} Symbol YI XI AyY2 AX2 x ‘ 1 
me 1516 25 26 35 38 39 40 5960616263 
Gate GPR 10 (input word count) / 
to S. a 
fe Notes: 
Multiple data blocks are accepted for input. 
(X1, Y1) is origin of weather line. ; 
Gate first input word into A and B. ( AX2, AY2) are X and Y increments from origin 
for weather line. 
X1, Yl, AX2, AY2 are 10-bit values. 
Legend: ; ; : 
Sheet 9 DA Dash AYS Sign of AY2 
Update the input word address. DL Dash Length AXS Sign of AX2 
BL Blink co Character at Major position 
BR Brightness cl Character at Final position 
s Symbol Size 


Gate S (word count) to IC. 


Gate constant (80) into S (byte 0). 


Clear T and GPR 4. 


Yes (No input to process. } 


If the input word is a header, 
j SAL will contain 80 as a re- 
sult of this AND. 


SAL 
equal 
zero 


No 


Yes (Input word not a header) 


Subtract 1 from the word 
count (IC). 


Gate LSWR (next instruction 


Subtract 1 from the word count (IC). address) to IC. 


h : Store the address of the next input 
Hap a at Wordcount Gate B (second input word) into K. word (D) into GPR 9. 
in 7 


Indicates that the first word 
Yes Turn on STAT D. ; | of the input doubleword is 
I being processed. 


Store the word count (in IC) into 


GPR 10. 


(Input doubleword Gate the address of the next input 
is a header) word to IC (from D). 
Sheet 2 Sheet 3 


(No data words after the header) 


Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 1 of 9) 


7201-02 FEMDM (7/70) 5-905,Sh 1 


Objective: 


Save the header information for use 
later (to build an output doubleword). 


eq21 & pet doitiewea thee 


Gate header information (contro! 
bits) from A (byte 1) to T (byte 0). 


a 
01 910 12 14 ; 43 
1113 


Make a memory request for the next Control bits | 
input doubleword. 8 15 31 39 


Update the input word address. 
Gate header information (symbol) 
from B (byte 0) to T (byte 1). 
Store T in GPR 8 (saves the header 
information). 


I 
32 34 36 ” 41 42 47 48 63 
5 37 


3 
Objectives: 
Gate next input doubleword into AB. 
Test to see if the doubleword contains 
header information or weather line 
co-ordinates. 
Input doubleword (data) 
QQ291 . A B 
Gate the new input doubleword PNET ee MER TIC a eS eS ETT eS | YS xs YS XS 
into A and B. 10; 
01 15 17 31. 33 47 49. 63 
16 32 48 


Gate canstant (80) to S. 


Gate A (second co-ordinates) to K. 
Gate the input word count to 
IC (via T). 


: If the input word is a header, SAL will 
1 contain 80 as a result of this AND. 


(Input doubleword is a header) 


STAT D indicates that word 1 of 


Decrement the input word count (IC). 
Store the updated word count in 
GPR 10. 


the input doubleword is being 
processed. 


Gate the next input doubleword 
address to IC. 


Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 2 of 9) 


5-905,Sh2 (7/70) 


2 


Perform the geographic filter 
(determine if the input point 
is within the PVD geographic 
area). 


Perform the first and second 
sterile area filters (determine 

if the input point is within a 
sterile area on the PVD screen). 


QQ261 


Gate the PVD geographic 
origin co-ordinates (in FPRO) 
to T. 


Two sets of co-ordinates are used to describe the geographic boundaries 
of a PVD. Two sets are also used to describe each sterile area within 

a PVD's geographic boundaries. The sét of co-ordinates which describe 
the lowest left point of an area will be referred to as the geographic 
origin. The other set, describing the uppermost right point of an area, 


Subtract T (origin) from the 
first input co-ordinates (in A) 
and put the result in B. 


Set the Limit Latch if the 
subtraction result is not 
positive. 


Gate the PVD geographic 
Limit (FPR1) to T. : 


Subtract the geographic Limit 
(in T) from the first co-ordinates 
(in A). 


Set the Limit Latch if the 
subtraction result fs not 
minus. 


Yes 


(Sterile 
area filter) 


No 


Gate the first sterile area origin 
(FPR 2) to T. 


Subtract T (origin) from the first 
input co-ordinates (in A). 


Set the limit latch if 
the subtraction 
result is not positive. 


Gate the first sterile area limit 
(FPR 3) to T. 


Subtract T (Limit) from the first 
input co~ordinates (in A). 


Set the Limit latch if 
the subtraction 
result is not minus. 


(Sterile 
area filter) 


Gate the second sterile area 
origin (FPR 4) to T. 


Subtract T (origin) from the 
first input co-ordinates (in A). 


Set the Limit latch if the 
subtraction result is not 
positive. 


Gate the second sterile area 
Limit (FPR 5) to T. 


Subtract T (Limit) from the input 
co-ordinates (in A). 


Set the Limit latch if the 
subtraction 
result is not minus. 


Sheet 4 


If the co-ordinates do not 
| require truncation, this 

| result becomes the major 
or secondary position. 


(This point failed: geographic filter) 


If either end of a weather line 
(original or truncated point) is 
within a sterile area, the line is 
rejected. 


STAT G indicates that input word 
1 failed the geographic filter and 
requires truncation. 


(This point failed the first sterile area filter. ) 


Sheet 4 


Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 3 of 9) 


will be called the geographic limit. 


! 
origin 


Geographic 


—-“N WE HH ON CO DO = 


Set 2 into GPR 4. 


No 


(Input word 1 is 
being processed. ) 


Objectives: 


Save the first word values (for 
possible truncation later). 

Set up to gate the second word 
co-ordinates thru the filters. 


QQ26l 


Yes 


Reset STAT D and turn on 
| STAT G. 


Store first input co-ordinates 
in GRP 0. 


Store the first subtraction 
result (in B) in GPR 1. 


Gate K (second word of input 
doubleword) to A. 


Xx 
123 45 6 7 8 9 1011 12 13 14 15 16 17 1819 


Geographic 
limit - 


Sterile 
area 


Geographic 
area 


| Indicates to later routine that 
| truncation has been performed. 


(Word two is being processed 
and has failed the geographic filter. ) 


Sheet 4 


7201-02 FEMDM (7/70) 5-905, Sh 3 


3 Vv 4 Vv 5 Vv 6 


ey Sheet 3 S Sheet 3 S Sheet 3 


(This point failed the 
Yes second sterile area filter. ) 


N 
< 


Reset STAT D. 


Perform third sterile area filter 
(determine if the input point is 
within a sterile area on the 
PVD screen). 

Determine and assign the major 
position. 

Assign the secondary position. 


Gate constant (0A) to F. 


Gate GPR 0 (input word one 
co-ordinates) to T. 


Sterile area 
filter) 


(Input word one passed all filters; 
No input word two must be truncated. ) 


Gate the third sterile area 
origin (FPR 6) to T. 


Yes | Both input words failed 
geographic filter. 


Subtract T (origin) from the 
input co-ordinates (in A). 


Objectives: 


The line described by the 
current input doubleword 
has been rejected. 


Prepare to read in a new 
input doubleword. 


Set the Limit latch if the 
subtraction result is not 


oP Prepare to honor any 
positive. 


pending interrupt. 


QQ26l 


Gate the third sterile area 
Limit (FPR 7) to T. 


Gate IC (next input double- 
word address) to D. 


Subtract T (Limit) from the 


Gate GPR 10 (word count) 
input co-ordinates (in A). 


to S. 


Set the Limit latch if the 


, a ; Reset STAT G 
subtraction result is not minus. 


(This point failed the 
third sterile area filter. ) 
Gate constant (80) to F. 


(Input word two passed all filters; ‘ Make a storage request 
Yes input word one must be truncated. ) per D. 


Gate LSWR (address of 
next instruction) to S. 


(Both input words 
No passed all filters) 


(Input word 1 is ve 


being processed) 


Gate constant (40) to F. 


Gate S to IC. 


Gate major position (in GPR 1) 


to B. | : 
| ee Sheet 9 
d sige i B When both ends of the weather | 
Ca ary positron! (in'B) line pass all filters, the second 
to GPR I. | co-ordinates to pass are referred | 
to as the secondary position. | i 
Gate oe constant | Gate major position (GPR 1) 
- {in GPR 11) to S. | to S. 
A multiply routine used by both | 
CVWL and CSS is entered next, 
Toman states | STAT D indicates to the multiply 
routine that entry was from CVWL. | 
Save input co-ordinates by . 2 


gating A to GPR 0. ay Sheet 6 / 


The major position is the set of co-ordinates 
obtained by subtracting the origin 
co-ordinates from the input co-ordinates. 

It can be either end of the weather line; it 
will be the end whose co-ordinates pass all 
“previous filters first. 


Gate B (major position) to 
GPR I. 


Gate B (major position) to 


GPR 1. 


Gate K (second word of Gate first word of input 


doubleword to A {via S). 


input doubleword) to A. 


Reset STAT D. Gate GPR 1 (major 
position) to S. 


Gate constant (0A) to F. 


wy Sheet 3 


4) Sheet 5 


Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 4 of 9) 


5-905,Sh4 (7/70). 


> 


LH) Sheet 4 


Objectives: 


One end of the weather line has 
failed the geographic filter and 
must be truncated. Truncate the 
secondary point (maximum of 9 
times) until it is within the PVDs 
geographic area. 


QQ2é6l 


Add T(major position) to A 
(secondary position) and divide 
the sum by 2. Gate the result 
(truncated point) to B. 


Gate FPR 0 (PVD geographic 
origin) to T. 


QQ271 
The geographic filter is 


being performed on the 
truncated point. 


Subtract T (geographic origin) 
from B (truncated point). 


Set Limit latch if the subtraction 
result is not plus. 


Gate FPR t (PVD geographic 
limit) to T. 


Subtract T (geographic limit) 
from B (truncated point). 


Set Limit latch if the subtraction 
result is not minus. 


Decrement F (truncation 
attempts count) by 1. 


Gate F (decremented) to PAL. 


Yes (truncated nine times - reject line) 


No LE Sheet 4 


Yes (Truncated point failed geographic filter; truncate again. ) 


No} 


Objectives: 


Make sure the truncated 
end of the line is within 
the .9 border area of the 
PVD's geographic area. 


Gate GPR 6 (.9 geographic origin) 
to T. 


Another geographic filter, this 
time using the 0.9 border 
co-ordinates. 


Subtract T from B (truncated 
point). 


Set Limit latch if subtraction 
result is plus. 


Gate GPR 7 (0.9 geographic limit) 
to T. 


Subtract T from B (truncated 
point). ; 


Set Limit latch if subtraction 
result is minus. 


Objectives: 


Compute the secondary position 
ifrom the truncated point) and 
save it. 


Prepare to enter the routine 
to convert this position to the 
PVD scale. 


QQ271 


Gate T (truncated point) to A. 


Gate FPR 0 (geographic origin) 
to T. 


Subtract T (geographic origin) 
from B (truncated point). 
Gate result to T. 


Store Tin GPR 1. 


Gate S (major position) to B. 


Gate GPR 11 (conversion 
constant) to S. 


Gate constant (40) to F. 


Turn on STAT D. 


i Sheet 6 


Gate B (truncated point) 
to A. , 


Gate GPR 0 (major position) 


to T. 


No (Truncated point not within outer .9 of PVD geographical area; truncate again. ) 


Yes 


When the truncated point 
passed the geographic filter 
and fails the 0.9 filter, it 

is in the desired area. 


Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 5 of 9) 


7201-02 FEMDM (7/70) 5-905, Sh5 


The subtraction result 
is known as the secondary 

position. The major position 
has been saved in GPR 0. 


A multiply routine used by 
both CVWL and CSS is 
entered next. STAT D 
indicates to the multiply 
routine that entry was 
from CVWL. 


Secondary position which 
| failed geographic filter is 
| still in A. Truncation will 
not be outward. 


Gate B (truncated point) to 


T and GPR O. 


2 Vv 3 4 
Multiply routine, used by both 
BS CVWL and CSS. 


‘Objectives: 


Multiplies both X and Y 
co-ordinates by the six- 
bit conversion constant. 


QQ231 


Checking scaling control 
constant (bits 24-25) to 
determine which scale. 


AND S(24~27) with F(0-3) thru 


ithe serial adder. 


$(24~28) (conversion constant) 
| to F. 
<> No 
Yes 


W Mid scale conversion 


Multiply B(X and Y 
co-ordinates) by 4. 
Gate result to T. 


Gate B (X and Y co-ordinates) 
ito T. 


Multiply X and Y co-ordinates 
by first two bits of the con- 
version constant. 


Multiply X and Y co-ordinates 
| by second two bits of the 
conversion constant. 


Checking bits 24 and 25 to 
see if this is large-scale 
conversion 


And CO with F thru the 
serial adder. 


¥ Large scale conversion 


Multiply X and Y 
co-ordinates by last two bits 
of the conversion constant. 


Multiply X and Y co-ordinates 
by last two bits of the 
conversion constant. 


- Divide the multiplication 
_tesult by 16 and gate the 
result to B and T.. 


| Conversion is Complete: 


Move converted Y co-ordinates 
(T 32-47) to A (16-31) and 
| 8 (48-63), 


Set F (0-3) to zeros, 


AND T (48-55) with F (0-7) This removes the extraneous 
thru the serial adder and : {bits from converted X 


gate back to T (48-55). 1 co-ordinate. 


No (CSS) 


(CWWL) Yes 


’ STAT D off indicates that 
this routine was entered 
from the CSS instruction. 

QQz281 -The microprogram branches 
back to CSS now. 


STAT H off indicates that 
| the second set of co-ordinates 
Yes must be converted. 


Lt) Sheet 7 LM ] Sheet 7 


Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 6 of 9) 


5-905, Sh6 (7/70) 


Large or smal! scale conversion 


Mid or small scale conversion 


Conversion Constant 


Scale Multiplier 
TKX’KRK XK 


MI M2 M3 


g Sheet 6 


Objectives: 


Compute delta X and delta Y values for 
the output doubleword. 


Save the signs of delta X and Y for 
. the output doubleword. 
Decide if the symbol is to be displayed 


at both ends of the weather line and 
set the CO and Cl bits accordingly. 


QQ281 


Gate T (secondary X co-ordinate) to 
B. Secondary Y co~ordinate is 
already in A. 


Gate GPR 2 (major X co-ordinate) 


to T. 


Subtract T (major X) from 
B (secondary X). 


Carry 
into PAL 4 


Gate result of the above 


sub traction (delta X) 
to B. 


Gate GPR 3 (major Y 
co-ordinate) to T. 


Subtract T (major Y co-ordinate) 
from A (secondary Y co-ordinate). 


Carry No 
into PAL 4 


Yes 


Gate result of the above sub- 


traction (delta Y) to A. 


‘ Gate GPR 8 (header info) to T. 
Gate F to T (56-63). 


Gate GPR 4 (truncation 
flag) to S. 


Gate S to PAL. 


(No truncation - display symbol 
Yes at both ends of line.) 


No 


(Line was 
truncated) 


Set F (bit 0) to one. Will 
become CO bit in output 
doubleword. 


Gate T (byte 5) to serial adder. 


No (Delta X is negative) 


Set F (bit 1) to one. Will become 
AXS bit in output doubleword. 
(AXS = 1, indicates that delta 
X is negative value.) 


Delta X saved in B until 
output format word 2 is 
assembled in T. 


(Delta Y is negative) 


Set F (bit 0) to one. Will become 
AYS bit in output doubleword. 

(AYS = 1, indicates that delta Y 
is negative value. ) 


Delta Y saved in A until 
output format word 2 is 
assembled in T. 


Set the AXS and AYS 
bits into T for output 
formatting. 


Set F (bits 0 and 1) to one. Will 
become CO and C1 bits in output 
doubleword. 


The symbol, from the header information, 
is needed now for the next decision. The 
[header information remains in T and is the 
| beginning of format word 0 which is assem= 
bled in T for input to the mixer. 


Yes (No symbol in header. ) 


\0) Sheet 8 


Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 7 of 9) 


Turn on STAT H. 


Bit CO (in output word) = 1, causes symbol to be 
| displayed at major position of weather line. 

| Bit C1 (in output word) = 1, causes symbol to be 
| displayed at secondary position of weather line. 


32 


v 


ee Sheet 6 


Gate the secondary co-ordinates to the 
appropriate register in preparation for 


re-entering the multiply routine. 


QQ281 


Gate major position X co-ordinate 
(converted) to GPR 2 (22-31). 


Gate major position Y co-ordinate 
(converted) to GPR 3 (22-31). 


Gate secondary position 
co-ordinates (in GPR 1) to 
‘S. 


Gate S$ (secondary position) 
to B. 


Gate conversion constant 
(GPR 11) to S. 


Turn on STAT D (if off). 


2) Sheet 6 


Format word 0 


34 35 36 37 4) 42 


47 48 49 


56 57 


7201-02 FEMDM (7/70) 


5-905, Sh 7 


LO) Sheet 7 LN] Sheet 7 


Assemble data to appear in output doubleword 
A in T.Gate this data, in the form of format 

words 0, 2, and 1, to M. 

Assemble output doubleword in XY by gating 


the format words (one at a time) from M thru 
mixer into XY. 
Store output doubleword into refresh memory. 


> ” +15). \ Preparing to issue first “FMTW* | ¥ ; Preparing to issue first "FMTW* 
Reset E(8-15) E 14-15" micro-order. Reset E (8-15). E 14-15" micro-order. 


Reset CO and Cl bits in F (no symbol . : Gate F (CO and C1 bits) to T (48-55). Sets CO and cl bits into T for 
to display). : output formatting. 


Assembly of format word 0 is 


Gate T (format word 0) to M. 
complete. 


Gate B (AX) to T. (AX is in ae 
T (48-63). N 


Gate A(16-23) to T(32-39) thru SAL. | Gates first part of AY to T. | 
— - / 
Gate A(24-31) to T(40-47) thru SAL. { Gates second part of AY to T. | ge 
C 


\ Format word 0 in M. 


Sept 


63 


7 : 
4 32 34 35 36 37 41 42/ 47 48 49 56 


Gate M (format word 0) thru mixer FMTW* E14-15" puts format word 0 
to X and Y | into the correct XY bit positions for 
| the output doubleword. 


Gate T (format word 2) to M. 


Assembly of format word 2 is complete. 


Add-one to E(12-15). 


Gate GPR 2 (major X) to T 
(via S and B). 


> Preparing to issue second "FMTW* \ 
pad one I Ee 12s | E14-15" micro-order. | \ 
\ 
[_Gotetint roof aver. | 


Gate GPR 3 (major Y) to A 
(via S and B). 


a” 


Gate A(16-23) thru SAL to 
1(32-39). 


Gate A(24-31) thru SAL to 
1(40-47). 


“FMTW* E14-15" puts format word 
2 into the correct XY bit positions 
for the output doubleword. 


Gate M (format word 2) thru mixer 
to X and Y. 


Gate T (format word 1) to M. 


Assembly of format word 1 is 
complete. 


Subtract one from E(12-15).~ ; \ 


AN 
; 
F to D (via B). \ 
; \ 
\ 
a4 Format word 1 in M. 


Major Y (Y1) Mojor X (X1) 


13 47 63 


> Refresh memory address +8 toT i 
(via B). ; / 
Store T in GPR 5. : / 
/ 
G Le eer nomena =) M (format word 1) thrumixer PSS | “FMTW* E14-15" puts format word 
to X and Y. : 1 1 into the correct XY bit positions 
| for the output doubleword. 
Make memory request per D (to 
_ Store in Refresh.memory). 
> : Set marks 0-7 
Gate GPR 10 (input doubleword 
; count) to S. . 


Store XY into Refresh memory (per D). = kxg—— — — — — — — ——-— Output 
H [__ Se XY ine Retest memory tor 0). | selon 
Reset STAT H and STAT G. 


: Sheet 9 
> 


Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 8 of 9) 


32 63 


59 60 63 62 63 


5-905, Sh8 (7/70) 


ey Sheet 8 


Honor any pending interrupts; if 


none, continue to process the 
input stream. 


QQ281 


Gate IC (next input doubleword 
address) to D. 


Make a memory request per D. ES) Sheet 4 


Interrupt No (Continue processing input stream. ) 


pending 


Yes 
‘Gate D (next input doubleword Gate new input data doubleword 
address) into GPR 9. into A and B. 


Update input doubleword address 


Gate S (input count) to PAL. +8 (in D). 


Sheet 1 
Yes (No more input to process) 


[This instruction does not have to bel 
jre -entered, 


No (Program interrupt error) 


External 
interrupt 


Yes 


| There has been a program error - 
terminate the instruction execution. 
One input weather line has been completely 

processed and stored in refresh memory. All 
information required to begin processing the 
next input weather line upon reentry has been 
jsaved. The pending interrupt is now honored 
by branching to the interrupt handling routine. 


Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 9 of 9) 
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Move the first operand to e@ RX Format 

the third operand location. 
ps2 [a[elel = 
0 78 1112 1518 19 20 31 


e Purpose: Moves first operand to third 
operand location and second operand 
to first operand location. 


e Conditions at beginning of execution: 
First operand in S and T. 
2. Second operand address in D. 
3. Request for second operand issued 
per D. 


RI field 


R1 field must specify an even 
register. 


Gate first operand (GPR 
specified by RI field) to T. 


Third operand location is the 
odd register of an even/odd 
pair specified by R} field. 


Store first operand (T) into 
third operand location (GPR 
specified by Ri field + 1). 


Objectives: 


Move the second operand to 
the first operand location. 


Rl field +] 


Gate doubleword containing the 
second operand (SDBO) into ST. 


Gate S to T (via PAL). 


Store second operand (T) 


into first operand location 


(GPR specified by RI field). 


RT Field 


Objectives: 


Set the proper condition 


code. 


T63) 
equal to 
zero 


Set condition code to 3. 


Set condition code to 1. 


Diagram 5-906. Load Chain, LC (52) 
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(OL/L) Tus ‘T-9 


(Z JO | 3004S) Joueg oNUOD gD “1-9 WeISeIG 


< 


“ 


THREE TWO ONE ZERO 


2 


PANEL D 


3 v 4 v sg v 6 v 7 v 


PANEL A PANEL B 


MARGIN POWER STATUS 


POWER 
_ ACTIVE LOCATE MAIN LINE ON OBS THERMAL CHECK 


MARGIN/METER SEL 


+6M K AND L GTS ; . ROS 


—N 
Lowe) RAISE 


Vg 
Lowen) RAISE 


GATE C 


GATE B GATE E 
GATE A GATE K AND L : 
- ROS ; 
-  +6MA GT +6M B GT +6M C GT +6M E GT 
om o_ Som aN 
Lower) RAISE ower) RAISE rower( RAISE vower() RAISE 


© OOO CSCS CCS SC CEO Se 


O18 COS COS SSS OO es ee 


ee ee 
OOOCOOOCOOCCOOO000CO 


ea ae 
OOOOCCOOCOOCOOOCC00O 
a a 
OOO OOOCOCOOOOOCOO000O0 
ae ee 
COOODDDOOOOCOOCOOOOO DOOCOOCOOOCOCOOOOCO00 


PANEL E 


STATUS, {NSN FETCH, EXTERNAL 
INTERRUPTS. 


PSBAR, SYS MASK, INTERRUPTS 
MCW & FLT CONTROL 


PADDL 32-63 


MARK, LAR, B REG 
ABC, PADDL, STC 


5 | CHECK REG 2 
6} MCW 32-51 


(Z JO Z J90Y$) [aueg JoNUOD YD “T-9 wesserg 


ZTUS‘T-9 (OL/L) WANA ZO-TOTL 


2 Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 
PANEL D PANEL E 


| ; DATA 0-31 fees REG 1 
BYTE 0 BYTE 1 BYTE 2 BYTE 3 SUMMARY 
4 : 4 4 j : : : \ 4 : 4 : ie ! : ; 4 4 : j A : Baia BAY lo 


DATA 32-63 


4 42. 43 46 47 4 50 51 53 54 


40 1 44 45 8 49 52 55 56 57 58 59 60 61 62 63 
| (FARA ee ee Sst] st Odd Od : 
Oren OL ene Rone Rewer OR ehe rene exe | 


1OCE | 


. 1024 512 256 128 64. 32~«+'16 

ROS ADDRESS COMPARE COUNT CR REG 2 

i SOpRESe | SUMMARY 
@ 9 Wim 3 4 +15 16 7 18 19{| 20. 2) 22 «23 Oh 25: 26) 27 28 


LOCAL STORE | 0} REGISTERS 0-15 


| ___iFP___i4. 1 40] REGISTERS 16-29 
WORKING REGISTER] 1]1{ REGISTER 24 |’ 


MAIN STOR ADDRESS COMPARE 


DEFEAT 
SCAN MODE INTERLEAVING 


ROS NO LOOP STOP SYSTEM INTERLOCK 
: POWER 
PROC PROC PROC Ree SEQUENCE 
COMPLETE 
M LAMP TEST 
FLT REG ALLOW IND 
RATE 


PI E 
Bees REGISTER 


INSN SINGLE Set 
STEP CYCLE 
SINGLE 
CYCLE 
STORAGE 
FREGUENCY ALTERATION REGISTER SELECT INHIBIT 


DISABLE PROCESS 


ERIM EE AIR PSBAR 


SYSTEM MANUAL WAIT TEST LOAD 


CCR . : 
__ | BACKSPACE INTERRUPT C) © @ OC) OC) 
FLT | 


PANEL F . PANEL G 


(OL/L) TUS ‘2-9 


8 Vv 9 


DISPLAY 1 


CE SEL SATR, G REG, ATR-2 


F REG, D REG 
S REG (0-31) 


ROS PREVIOUS ADDRESS REGISTER B 


ROSAR, PROSAR A AND B 


SELECT REGISTER 
SE/DE P 
2 8 16-23 
L REGISTER - 


P 
15 16-23 


PAM/RCU 


*Selected via INDICATE ON 
ROLLER 1 POSITION 6 switch. 


DISPLAY 2 


HALF ¢ FULL 
SUM 


DISPLAY 3 


F INGT AND EOP EMIT MISC CONTROL PART 2 MISC CONTROL PART 1 
FAA CONTROLS FLT - AFIELD SD E.R INGATEs ———4| ——————FLT B FIELD SF, ],_ it ¢ FieLpb-——_$G-_, 


-—— ROS PTY SADD—_, | 


FLT CONTROLS 
DEFEAT INTLV 5 BACK 


STORAGE REQUEST 
STOR REQ, MAN CTLS, 


FLT CTLS 


Q REG (0-31) 


SET , INSERT 
KEY 


LS LAR CONTROL NEXT ROS BASE ADDRESS : Y BRANCH : X OR Z BRANCH 


ROSDR (36-68) 


IOCE CTLS, N REG (0-15) 


ADR A | MODE 
N REGISTER 
IOCE MACH CHK 


UNTRPT 
REQ 


Y REG (32-63) 


Diagram 6-2. CE Roller Switch Indicators (Sheet 1 of 2) 


7 uS ‘7-9 (OL/L) WANA 70-107L 


DISPLAY 4 
PSW PROGRAM MASK 


FXP DEC EXP LOST 
OVEFLW | OVFLW} UNFLW SIG 


MACH = SUPV 


1 


Q REG (32-63) 


B REG (32-63) 


N 


P Q 
A SIDE CTL SERIAL ADDER ‘B SIDE CTL SERIAL ADDER PADDL CONTROL -EW GATE ONES PA AB—>F AB, IC, F—>PB ST, DA-—>PA E, Q—>PB ROSDR (69-99), EDIT 


89 


STATUS, INSN FETCH, 
EXTERNAL INTERRUPTS 


| EXTERNAL REG 0-31 


DISPLAY 5 


PROGRAM INTRPT 
PSA LOCKOUT 


PSBAR, SYS MASK, INTRPTS 


REV REV REV REV LOG. 
SABTP | LCMPR| SAFSP | MRKP} SARPA | SARPB | CNT 


CE TEST ADDR eed LFTHF | UNCT |CONDT] ERSLT 


MCW AND FLT CONTROL 


E REGISTER 


Pp 


4 5 |: 6 7 8-15 
$ 0-31 132-63 132-63 132-47 148-63} KO0-31{ 08-31 A4-7 __A8-31 B32-63 B64-67 A6-31_B32-67 _B64-67_ EXCS-6 F4-7 HOT __E8-1] 
32-63 32-63 31-62 48-63 48-63 32-63 8-31 7-30 4-78-31 32-63 64-67, 4-29 30-65 28-31 «28-63 60-63 = 056-59 


CONFIGURATION CONTROL REGISTER 
SE/DE 


DIAGNOSE ACCESSIBLE REGISTER MASK 


SE/DE PAM/RCU 


DISPLAY 6 


LS ADDRESS REGISTER MARK, LAR, B REG, 


ABC, PADDL, STC 


r IC 


CHECK REG 2 
E MCW (32-51) 


DIAGNOSE ACCESSIBLE REGISTER 


PAM/RCU ELC TCU ELC ; CE OWN 


10 16-23 1 2 | 3 2 otc | ops 
CHECK REGISTER 2 


SE STG 1OCE LS CCR ATR PSBAR LOG LOG 
360 TEST STOP DATA | FETCH CHK BUS PTY PTY PTY PSAs SPLIT ROS ADDR 
MODE | MODE 360 CHK CHK RESP CHK CHK CHK CHK ALT |LOGOU CHK CHK 


P 


LOGOUT OR WRAP MAINTENANCE CONTROL WORD 
SELECTED STG ID DG SELECTED FORCE : 


Diagram 6-2. CE Roller Switch Indicators (Sheet 2 of 2) . 


2 Vv 3 Vv 4 v 5 Vv 


Not Test 
- Allow SC (CC) Control 
Allow SC (CC) Control 


A 
CE System: Intlk Key 8 | 


Allow Subsystem Reset 
State 1 or O or Test . 
Allow CE Subsystem IPL or PSW Restart 
A 
haa aaa EF Allow CE System IPL or PSW Restart 


360 Mode Pb 


ROS Transfer Pb 


State 0 or Test 


Check Reset Pb 


Test 
Reg Set Pb 
ROS or FLT Test Mode back: FLT Subsystem Reset 
ack space (Any pushbutton) 
Backspace or Log CPU ; a & 


CE Logout Pb 


SC (CC) Set IC TELL EE 
CE Set IC Pb LULL + 


Sheet 2 ; é 
SC (CC) Start 
CE Start Pb HT) 


Sheet 2 


KWO1} 
Set IC Pb 


a 

|_| 

a 

Bz 

ase 

H 

Gated Common Pushbuttons 

CE Load Pb | [Ss > 
CE PSW Restart Pb |_| 
CE Reset Pb 


SC (CC) Display 


CE Display Pb i 
SC (CC) Stop | 
CE Stop Pb . if 


SC (CC) Store 


is 
os 


Store Pb 


etal 
EB 


ae 
i 


CE Store Pb 


SC (CC) interrupt Interrupt Pb 


A 
Pia 
& 


it 


CE Interrupt Pb 
KW33] 


Diagram 6-3. Pushbutton Signal Generation (Sheet 1 of 2) 


6-3,Sh1 (7/70) 


CE Load Pb 


> Allow CE System IPL or PSW Restart aes 


rp SC (CC) Control 


jon System IPL 
ae ra 


ES. CE PSW Restart Pb {L 


Allow CE Subsystem IPL 


. rey PSW Restart 


System PSW Restart 


Subsystem PSW Restart 


External (System) Reset 
. External Start 


Begin Reset 


External Stop 
Manual 


Hardstop 


Subsystem IPL 


SC (CC) Subsystem Load: 


Sheet 1 
=> Allow Subsystem Reset 


Subsystem Reset 


KY CE Reset Pb 


Sheet 2 
Inhibit Oscillator (Main Storage Access) 


>. Gated Common Pushbuttons 
External (System) Reset 
External Start Gated 
External Stop Gated 
Power on Reset Gated 
> FLT Subsystem Reset 


Kwo05 EI Allow Switch SS 
Sample SS 


(Only first 'sample SS! signal after depression of a 
pushbutton fires: singleshot) 
Switch SS 


3 psec 125 ns 


, Delayed SS 
> Any Pushbutton AD SS DLY 
P ie - | | 
(Pushbutton Logic - PK041/51) Rworl : 
Short $5 


Switch SS rel ——— 


Delayed SS 
Short SS Ee 


Diagram 6-3. Pushbutton Signal Generation (Sheet 2 of 2) 
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(OL/L) TUS ‘r9 


2 v 3 Vv 4 Vv 5 


System or Sub- CE Machine 
system IPL or Reset and 


PSW Restart Force Address 


KW031 QY041, 003 


! Niner and RATE. 
; trigger. | timer and RATE 
switch. 


Reset STAT D and ‘block 
I-Fetch' trigger. 


QY041, 892 


Yes STORE PB 
depressed 


D and T. Yes 
Load LSWR with Load I's into D. 
T's from T. . 
Place contents of 
Transfer LSWR to S. ADDRESS switches Load I's into D. 
into D. - 


Place contents of ‘ --- Sate 

: Reset "branch lid 
ADDRESS switches Transfer E(8=15) to 1 Save contents of E. cadhenn' Wlacae.< 
into D. B(56-63). : 


Qyosl 


a Place contents of 
Transfer E(8-15) 1 Save contents of E. Transfer D(16-23) : 
to B(56-63). : to E(8-15). setae switches 
Place contents of DATA Load 1's into F. Set ‘gate I-Fetch 
switches into $ and T. invalid address! 


trigger. 


DISPLAY PB 
depressed 


MAIN or 


Transfer D(16-23) 
to E(8-15). Nn oe Set ‘instruction 
storage fetch’ 
trigger. 
Inhibit storage 
to STC. : 
Transfer data from Add 8 to address in 
LS to T per E(11-15). D and place into IC. 
Issue 3-cycle main 


address in D). 


Restore original 
contents of E(8-15) 
[A(56-63) to E(8-15)] . 


Load 1's into F. 


MAIN ‘ec Place data from 


main storage 
into ST and AB. 


Set ‘program store 


Store T into LS ‘ 
per E(11-15). compare’ trigger 


Restore original 
contents of 

£(8-15) [ A(56~63) 
to E(8-15)}. 


per address store 
compare test. 


Yes 


YY | YY YY Y 


Diagram 6-4. Stop Loop Routine (Sheet 1 of 2) 


STOP LOOP 


Yes SET IC PB 
depressed 
Yes START PB 
depressed 
KW031 
Reset ‘stop’ and 
1 ry 2 
manual’ triggers. i ROS 
TRANSFER PB 
QT041 depressed 


ee 


REGISTER 
SET PB 


Place contents of 
ADDRESS switches 


IPL, 
External 

Start ,or PSW, 
RESTAR 


into D. 
Yes 


Hol eas 
from D to T. Diagram 6-8 


System or Subsys- 


tem IPL or 
PSW Restart 


Reset 'stop" and - 

‘manual! triggers. 
Set Address 
Translator, 
Received bya 
7201-02 


Subtract 8 from IC 
and display 
address in D. 


Transfer (40-51) 
to ROSAR. 


Load I's into T. 


D indicates address 
of next instruction. 


Subtract 16 from IC 


and display 
address inD. 


ZUS ‘9 (OL/L) WCW Z0-10ZL 


Restore original Inhibit storage protect. 
contents of E(8-15) 


[A (56-63) to E(8-15)]. 


Issue 4~cycle main 


storage request (per 
address in D). 


STORAGE 
SELECT sw 


position 


Set mark triggers 0-7. 


MAIN BYTE 


Set mark trigger 
per STC, 


Restore original 
contents of 

E (8-15) [A (56-63) 
to E(@-15)]. 


Fetch instructions 
from main storage 
and place into Q. 


Fetch instructions 
from main storage 
and place into Q. 


Transfer instructions 
from Q to R per 
D(21, 22). D(21,22). 


Transfer instructions . 
from Q to R per 


Fetch instructions from 
main storage per IC and 
place into Q. 


’ Set 'gate invalid 
address’ trigger. 
Add 8 to IC. 


STOP pushbutton, address compare 
stop, instruction step, External stop, 
Logout PB Lth (after scanout is 


completed). 
Store data per 
address in D 
and mark triggers. 
(hex) into ROSAR 
at end op. 
QY041 
026 
' iis Stops usage meter 
Set 'manual' trigger. éad'dlsables 
interval timer. 
Load 1's into F. 
[ count QY041, 83A 
DELAY 
ROUTINE 


Reset STAT D and 
‘block I-Fetch' trigger. 


ashen tcl ters ae evan EN 


Diagram 6-4. Stop Loop Routine (Sheet 2 of 2) 


IC equals contents 
of ADDRESS 
switches plus 8. 


IC equals contents 
of ADDRESS 
switches plus 16. 


Gate I's to T and D. 


Gate 1's to LSWR 
(24) and S reg. 


Gate DATA keys to 
S and T Regs. 


Gate T (32-63) to 
external reg. 


Gate 1's to F reg. 


Load CCR, ATR, 
or PSBAR per 


REGISTER 
_ SELECT switch. 


Vv 8 Vv 9 


F power ON RESET ROUTINE - 


Power off status. 


Depress POWER 
ON pushbutton. 


Execute power-on 
sequence, 


Power on reset. 


Force address 008 


to power-on-reset 
microprogram, 


QyY041 
00B 


Set 'manual' trigger. ! Stops usage meter 
' 


and disables 
interval timer. 


Gate 0's to G, F, T, K 
and IC registers. 


Set E(8-15) to I's. 


Reset IC to T. 


Store 0's from T into 
LS per E(11-15). 


t Clear LS. | 


Subtract 1 from 
E(11-15). 


eo 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
! 
| 
| 
L_ 


Pushbutton Gate 


STORE 
PKO41 


es 


ROS Bits 62-65 Eq 0010 
ROS Bits 66-68 Eq 101 


DISPLAY 
PKO4I 


ROS Bits 62-65 Eq 0011 
ROS Bits 66-68 Eq 001 


SET IC 
PKO4I 


yr 


ROS Bits 66-68 Eq 111 


ROS Bits 62-65 Eq 0100 
ROS Bits 66-68 Eq 010 


ROS TRANSFER 
PKOAI 


ROS Bits 62-65 Eq 1010 


IPL or 
PSW RESTART 
PKO41 


ai", 


ROS Bits 62-65 Eq 0011 
ROS Bits 66-68 Eg 110 


Al 


> 


ROSAR(11) 
Roller 3 
Position 4 
Bit 11 


fell 


Z Set ROSAR 11 Normal 


Not Inhibit Next Address 10-11 
Not Clock P3 Blocked 


RX 
YW 


REGISTER SET 


a g 


Test On 
ROS Bits 62-65 Eq 0101 


ROS Bits 66-68 Eq 100 


Ty. Dam 


DS151 


aT | 
x 
re) 
U fe 


le 


Diagram 6-5. Stop Loop Monitored Pushbutton Gating 
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2 Vv 3 Vv 4 Vv 5 Vv 6 
Console Logout Latch (TON Stop Tgr) 
External Stop 
Sample SS 
Not End Op Tgr = STOP Branch or Normal End Op Exceptional 
es Set Block 
Condition to [-Fet 
A ondition to [-Fetch 1sFatech. Tot 
G Roller 3 (Diagram 5-16) 
Reset Interrupt Tgrs Position 1 
ro Bit 13 

Stop 

Instruction Step T 
= ee Not Time Clock Step or Interrupt 
Se: a st ohio 
KW031 sy 
ROSAR RX 
Switch SS 0 1 
1. Force ROSAR (6,9,10). . 
t 2. Branch to ROS Address 026 (Hex) 
Stop Manual to Stop Loop Microprogram. 
ys PK041 S 
O 
Not Osc A Sampled Latched Lines 
Manual 
A T CPU Clock Stopped 
Set Stop Loop Tgr (1—*Stop Loop in Order) Set Black Toe 
Disable Interval Timer 
Delayed Sing] t 
- ore ngleshe a a Set Repeat Instruction Adjust Tgr 

Initial Program Load Status KWO031 Reset Repeat Instruction Initialization Latch 


Restart or Log CPU 


EI 


Rst Stop Loop Tgrs 
Reset 


(Not) Osc A Sample Latched Lines 


Interrupts 
L 

Reset (F1) 
Reset Manual Controls KW02] 
Sto Addr Comp Sync to A and B and C and D 
System 
Console 
ADDRESS (Stop or 
COMPARE stop I) A Loop) 

O 
; PROC 

~—LOOP i KWO11 
Allow SC we 

KWO01 

Compute 
Element 
ADDRESS A 
COMPARE STOP 

O 

PROC 
LOOP oF | 
A 

Allow CE 


KW001 


. @ Not Manual A 
Storage Address Compare Sync to ABCD 


Machine Reset 


Set or Reset Pulse Mode Adjust Tgr 


Manual or Not Pass Pulse 
Not Pass Pulse Tgr 


Stop Tgrs So 


Block Interrupts 


on Start 
Roller 3 
Position 1 
Bit 14 
Block 
Interrupt 
(Address 
Compare) 
apr po 


Address Keys to D Address Keys 


Gate Address Keys to D(in Set IC Micro Program) to D (0-23) 
Data Keys (40-63) Data Keys 
to D (0-23) 
A 
ee Loop Trigger 
(Pushbutton Gate) 
Loop Loop Trigger 
T a (Set IC Pb) 
A 
Loop Loop Branch Tgr 
Branch KWO001 (Start Pb) 
T 
KWO01 


Indicates also on the SC or CC control Panel 


Diagram 6-6. Stop, Manual, Address Compare Triggers, and Block Interrupt Latch (Sheet 1 of 2) 
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For STOP function: ADDRESS 
switches 8-28 set to desired 
stop address. For LOOP function: 
ADDRESS switches 8-28 set to 
branch address; DATA switches 
40-60 set to restart address. 


‘ADDRESS COMPARE 
switch set to 


STOP or LOOP. 


CE completes exe- 
cution of last in- 

struction and fetches 
new instruction. 


Addresses 
compare 
equal 


| New instruction address at SCI 
is compared with address in 
ADDRESS switches 8-28. 


Yes 


Set 'stop' 
trigger. 


Complete execution 
of current 
instruction and 
enter stop loop. 


ADDRESS 


COMPARE STOP 


Stay in the 
stop loop. 


Gate DATA switches 40-60 to 


D. Bring up ‘pushbutton gate’ 
and ‘set IC' lines. 


Set 'loop' 


trigger. 


Diagram 6-6. Stop, Manual, Address Compare Triggers, and Block Interrupt Latch (Sheet 2 of 2) 
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. Set ‘loop 


Branch from stop 
loop into set IC 
micro program. 


Execute SETIC "Gate DATA switches to D-reg! 

and return to | (brought up by ‘loop! trigger) 

stop loop. overrides 'Gate address switches 

| to D' (brought up by SET IC 
microprogram). Therefore, IC 

is loaded from the DATA 

switches via D-reg. 


Results from 'gate address 
switches’ line brought up 
by 'SET IC’ microprogram. 
Brings up ‘Start Pb' line. 


branch’ trigger. 


Take START PB _ Fetch the instruction at 
branch from the location specified 


stop loop. by IC. 


System or Subsystem | PL 


System or Subsys PSW Restart Switch SS 


ternal t A 
External (System) Reset Reain: Reset for L 


External Start Scan Machine 
External Stop Reset to MC 


Reset Manual Controls 


Power on Reset SS 


Manual rn Sample Manual Line || 
Hardstop 08 | Not Switch SS me 


>| 


Reset Gates A and B 


Reset Gates D and E 
Switch SS 


Sample Manual Lines 


Machine Reset 


Force 
Address 
Pulse Mode SS 


Force ROSAR 10 ey 
Pulse Mode Tgr aa 
PM Initialization Tgr A TF 


Pulse Mode SS ay 
if Machine Reset Not Log Reset BCU 


Machine Reset Not Log Reset 


Notes: Check Reset Pb 


1. Power on Reset: Force ROSAR to5 Not Delayed Switch SS Error Reset Gates A and C 


Not Switch SS ss 
Not Pulse Mode SS 
i KC031 ; 


OOB (bits 8, 10, 11, Clear local ; A fabs 
store-enter stop loop, QY041). Switch SS Bae 
2. Other Resets: Force ROSAR to FTL Check Reset || 
003 (bits 10, 11 - Stop Loop - a 
QY041). KC031 a & <Eedae pasa 
|| Error Reset Gates B and E 
KC031 
ROSAR Bit 10 
Man Ctls Force CROS Address (KC031) Set ROSAR 11 Scan + MC (DS208) “ROSAR Bit 1] 
Power On Reset SS (KW311) Power On Reset Gated (RX003) ROSAR Bit 8 


Diagram 6-7. CE Machine Reset and Force Address 


7201-02 FEMDM (7/70) 6-7- 


Functions 
performed by 
PSW 
v Vv 


(IPL only) 


SATR 


CONFIGURATION OR SYSTEM. CONSOLE 


'CE Sel (X)' 


CE SELECT switch set. 

MAIN STORAGE SELECT switch set. 
LOAD UNIT select switches set. 
SYSTEM INTERLOCK key on, 


ENABLE SYSTEM IPL pushbutton 
held depressed (CC only). 
LOAD pushbutton depressed. 


COMPUTING ELEMENT 
PK041 
e MAIN STORAGE SELECT switch set, 


e LOAD UNIT select switches set, 
e@ SYSTEM INTERLOCK key on, 


@ LOAD or PSW RESTART pushbutton depressed, 


e (Not selected by CC/SC with its 
SYSTEM INTERLOCK key on.) 


CE performs 
IPL function for 
SC/CC using 
SC/CC inputs. 


KW005 


KW401 


KW40] 
Set 2500-usec SS. 


(Allow time for 
1OCE to reset.) 


KW411 


Reset own DAR mask, 
PSBAR, ATR and CCR 
(all SCON bits on). 


‘| Set own ATR slot 1 and 
PSBAR equal to SE 
selected by MAIN 
STORAGE SELECT switch, 
Set own CCR per LOAD 
UNIT switches. 


Diagram 6-8A. System Operation: IPL or PSW Restart 


6-8A (7/70) 


System Reset 


‘ 0 
| SCON 2 Boo! a 


‘Load Store Sel (X)' 


Summary of System Operations: IPL or PSW Restart 


Set STAT G, 


KW411 


Enable IPL-PSW branch, 


w QY041,B88 
Branch from the 
stop loop. 
QY061,B90 


Put all 1's into 
Select register, 
ANY. SYSTEM ELEMENT 


(Not in test) y QY061,B94 


From own CCR gate 
Configuration Mask into 


register (on Control Bus) 
for other elements. 


Reset element. 


Turn on all SCON bits. 


KX091 QY061,B94 
Issue SCON, Configure 


minimum subsystem per 
MAIN STORAGE SELECT 
and LOAD UNIT switches 


(Configuration Mask), 
Send the same Configura~ 
tion Mask to all Elements, 


Ignore response. 


Common Routine: 
IPL or PSW Restart. 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

ST for SE; into External 
| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| L_ terete responses 
| 

| 
| | arian 
| 
| 
| 
| 
| 
| 


‘SCON Select IOCE (X)' 
"Reconfigure Sel SE (X)' 


Sel +Response TAU (X)' * 
"Sel +Response PAM (X)' * > 


Reset any other system element not in 
test (CEs, LOCEs, SEs, TCUs, PAMs, 
RCUs). 


SCON any other system element with 
issuing CE's SCON bit on and not in 
test. 


Legend: 

CE selected by CC/SC if IPL is initiated at CC/SC, 
CE at which IPL or PSW Restart is initiated, 

& IOCE and TCU selected by SC/CC or CE LOAD UNIT 
switches, SE selected by SC/CC or CE MAIN 
STORAGE SELECT switch, 

@ Signal origin 

O Signal destination 


COMPUTING ELEMENT 


| STAT G and the ‘timing gate’ 
trigger develop SCON., 


STAT A and the ‘timing gate’ 
trigger develop SATR. STAT G 
overrides STAT A when both are on, 


CE entry to the stop loop 
(Diagram 6-4, Stop Loop Routine). 
Begin ROS control. 


1 All elements not in test will be 
1 selected to receive SCON. 


Sample Configuration Mask: 


Mask 


ANY SYSTEM ELEMENT 


{Not in test and having 
issuing CE's SCON bit 
on) 


Receive Configuration 
Mask and SCON Select, 
Set Mask into own CCR, 
Return Response, 

(Hardware functions.) 


Legend: 
* True multiplex lines, 


Functions 
performed by 
IPL PSW 
Restart 


Co cee 1OCE& Sea TCUS 


(IPL only) Subsystem Reset Lj Subsystem Reset —_ = Reset any other system element 


configured to the issuing CE, 


ae Reset any I/O configured to or 
a . switched to this IOCE. 


SATR 


SATR Response 
| SATR 
O 
SATR 
SATR Response 


O 
fos aoe = ao = 
Dat 
a Niet = el pots | 
a as = Sek oe ae is a sad a gS ee oe te 
Ewe Data | 
O to 
Legend: 
m CE which is selected by CC if IPL is initiated 
at the CC, 


CE at which IPL or PSW Restart is initiated, 
& !OCE and TCU selected by CC or CE 

LOAD UNIT switches and SE selected by 

CC or CE MAIN STORAGE SELECT switch, 
@ Signal origin ‘ 
© Signal destination 


COMPUTING ELEMENT 


CONFIGURATION CONSOLE 


'CE Sel (X)' 

CE SELECT switch set 
: "Load Store Sel (X)' 
MAIN STORAGE SELECT switch set, pom rove Sel 0) 


t t 
LOAD UNIT switches set. oc ene ae ) 
SYSTEM INTERLOCK key on, ood nie 
LOAD pushbutton depressed. ‘Subsystem Load 


Set 2500-usec reset 
SS. (Allow time for 
IOCE to reset.) 


le 


COMPUTING ELEMENT 


MAIN STORAGE SELECT switch set, 
LOAD UNIT select switches set, 
SYSTEM INTERLOCK key off, 
LOAD pushbutton depressed. 


2500 
usec 
timeout 


CE performs 
IPL function 
for CC using 
CC inputs, 


Reset own DAR : 
Mask and PSBAR, 


KW005 . 


KW401 


1000-usec 
subsystem reset, 


| Stat A and 'timing gate’ trigger 
: develop SATR, 


CE eniry to the stop loo 
Force ROSAR to 003. Y per 
eae 2 : (Diagram 6-4, Stop Loop 
i Routine), 

Begin ROS control, 


"Subsystem Reset’ 


IOCE 


(Configured to 
the issuing CE) 


KW411 


Enable [PL-PSW branch 


(Configured to 
the issuing CE) 


QY041 ,B88 


Branch from stop loop. 


Common Routine: 
IPL or PSW Restart, 


Machine reset. 
Propagate reset 
to configured |/O. 


Diagram 6-8B. Subsystem Operation: IPL or PSW Restart 


7201-02 FEMDM (7/70) 6-8B 


2 Vv 3 Vv 


COMPUTING ELEMENT 


Subsystem Operation: 
~ IPL or PSW Restart, 


Diagram 6-8A 
System Operation: 
IPL or PSW Restart. 


QY061 ,B9? 


Set STAT D for 
’ ¥PL branching, 


QY061,B99 


Restart 


Diagram 5-601 
Execute Load 
PSW Routine 
(Load PSW from 
location 0) 


QQ021,A85 
Set IOCE bit in 


select register, 


KX132 QQ021,A48 


'SATR Select IOCE (X)' 
Issue Ist SATR. 


"SCON Response’ 


QQ021,A48 


Set ATR 1 bits in 
external register. 


KX132 QQ021,AC2 


Set IOCE bit in 
select reg. 


"SATR Select IOCE (X)' 


Issue 2nd SATR, 


QQ021,A8C 


Set ATR 2 bits in 
external register, 


KX132 QQ031,A8E 


'SATR Select IOCE (X)' 
Issue 3rd SATR. —- 


FS531 QQ031,AC4 


Response 
before timeout 


QY061,B9A 
Yes Hang: B9A, 

KSO31 QY061,B9D 

Set STAT B, | Stat B and the ‘timing gate’ trigger 

Set IOCE bit in develop IPL, 

the select register, 
KX129 QY061 ,B9F 

"IPL IOCE (X)' 


Set unit channel 
and PSBA bits in 


external reg (on the 
Control Bus) and 
issue IPL, 


Sheet 2 


Diagram 6-9. Common Routine: IPL or PSW Restart (Sheet 1 of 2) 


6-9,Sh1 (7/70) 


I/O CONTROL ELEMENT 


and configured 
to issuing 
CE 


Yes 


QV118,040 
ROAR is forced to 048 
Return response, 


QV118,404 


Receive 


nd SATR before \\_No 
timeout 
Yes 
QV118,403 


When 2nd SATR falls, 


check parity of data 
for ATR 1, 


QV118,434 


/ Receive 
3rd SATR before 
timeout 


No 


Yes 

QV118,434 
Check parity of data 
for ATR 2, Load 
both ATR 7 and 2, 
Return response. 


Normal breakout. 


Return to the halt 
loop, 


(Halt loop) 


QK207,B4D 
QK800,899 


Set Control Bus bits 
into PSBAR, 


QK800,62A 


Set up CCWs from 
Control Bus data, Take 
PSBAR to SAR, 


QK800,B19 


Issue IPL SIO and 
TIO to channel, 


Sheet 2 


Go to halt loop. 


Go to halt loop. 


G. 


ROS Bits 62-65 Eq 0000 


Sheet 1 


KX161 QY061,BA0 


Response 
before 
timeout 


Yes(Release i/O) 
QY061 ,A46 


Fetch PSW 
from location 0, 
Diagram 5-601 


Execute Load 
PSW Routine. 


mmm nr ccs eee Force hardware 


IPL hang: BAO, 


v 3 v 4 v 5 


I/O CONTROL ELEMENT 


STORAGE ELEMENT 


From input unit store IPL PSW O, IPL 
IPL CCW into CCW I and IPL CCW.2 (total of 24 
channel registers ! bytes) into the PSA, 
and execute, 


jus aan a= om Fetch and ae gStore N bytes starting at location Xg 
|. execute IPL 1(N and Xq are specified by IPL CCW 1). 
| I CCW 1 from 


location 8, 


IPL PSW 0 


IPL CCW 1 
IPL CCW 2 


CcCWs and/or 
Program 


ccw | 
specifies 
chaining. 


No 


! 
| 
V 
Y 
i 


Fetch and execute 
IPL CCW 2 from 
PSA foc 10 (hex). 


CCW 2 
specifies 
TIC 


CCW 2 
specifies 


Fetch and execute chaining 


the CCW at the 
specified address. 


Fetch and execute CCW 
3 from PSA location 18 
(hex). Xg equals 18 in 
this instance. 


Continue fetching and. 
executing CCWs until one 
is fetched which specifies 
neither TIC nor chaining. 


QK908 , BF 


Test channel! status. 


QK801,BOF 


Prepare unit and channel 
addresses for the inter- 


ruption code in PSW 0. 
COMPUTING -e 
U801, BBC 
ELEMENT p 
Store unit and channel 
addresses in PSW 0, 
BBO47 QU801,BCD 
‘Response’ ; Send response 
eens aoe 


ee a ee ee soc ree 


QT200 


Return to the 
halt loop, 


oc a a er cel 


Legend: Heavy dashed lines indicate data flow, 


Diagram 6-9. Common Routine: IPL or PSW Restart (Sheet 2 of 2) 


ROS Bits 62-65 Eq 0100 
ROS Bits 66-68 Eq 


STORAGE 
SELECT 
PKO41 


MAIN BYTE 


LOCAL 


ROSAR(11) 


Roller 1 
Position 4 
Bit 11 


Not Inhibit Next Addr 10-11 
Z Set ROSAR(11) Normal 
Clock P3 Blocked . 


RX1I1 


Diagram 6-10. STORAGE SELECT Switch Gating 


7201-02 FEMDM (7/70) 6-9, Sh 2, 6-10 


" E Reg Bit 8 
Gt 12 Field to MCW 


Machine Reset Diag 12 Field 


Not Pulse Mode Adjust Tgr 
E Reg Bit 9 


Reset Diag I2 Field Tgrs 


DEFEAT INTERLEAVING 
PKOS51 


NO REV 


———O— PO PROC - 


REV 


6-11 (7/70) 


Vv 3 Vv 4 v 


DEFEAT INVLG 
NO REV 
Roller 3 
Position 1} 
Bit 27 
Disable 
Interleaving 


|= 


MC462 


KUO01 


DEFEAT INVLG 
REV 


Roller 3 
Position 1. 
Bit 28 


Disable Intlv 
and Reverse 
Storage Addr 


a | jot 
EI = 
KU031 


Diagram 6-11 DEFEAT INTERLEAVING Switch Gating 


Defeat interleaving 


Defeat Interleaving 
and Reverse Addressing 


To Even/Odd Decoder 
(Diagram 4-602) 

and 

Parity Conversion Circuit 
(Diagram 4-610) 


INSN STEP 
Roller 3 


Position 1 


Bit 18 


Instruction 


Manual or Not Pass Pulse Tgr Step Instruction Step 


TEST 


or A INSN STEP Single Cycle or Inst Step 
PK041 
———O—O PROCESS 


_ SINGLE CYCLE 


Y SINGLE CYCLE 


Sing! St ibit ¢ 
STORAGE INHIBIT ingle Cycle Storage Inhibit (to BCU) 


Rate Single Cycle Inhibit Switch (to BCU) 


SINGLE CYCLE 


Roller 3 
Position 1 


Bit 19 


| 
Pass Pulse Tgr Rei A Reset Single Cycle Mode 
Ore D ty, ) 
Single Cycle (to SCI) 


Not Manual Tgr 


Backspace FLT or 
Log CPU 


ROS Transfer 


BLOCK 
Roller 3 
Position 1 
Osc B Bit 14 
Not Switch Singleshot 
START 
PK041 
— 
PASS PULSE 
Roller 3 
Position 1 
Force Address Tgr Bit 15 


Pass Pulse 


Switch SS Pass Pulse Tgr 


Ose Sample 


Not BCU Hold on CPU Clock 


Reset Pass Pulse Tgr 
ROS Address Compare Stop 


Diagram 6-12. RATE Switch Logic 


7201-02 FEMDM (7/70) 6-12 


Vv 2 Vv 3 


Place RATE switch in 
INSN STEP position. 


In stop Yes 


loop 


Depress STOP pushbutton 
or SYSTEM RESET 
pushbutton. 


Inhibit stepping interval 
timer and pulse mode 


operation when PULSE 
MODE switch is in TIME 
B position. 


Diagram 6-13. Instruction Step Routine 


6-13 (7/70) 


Set ‘instruction 
step’ trigger. 


Diagram 6-4 
Stop loop. 


Depress START 
pushbutton. 
Reset 'stop' and 'manual’ 
triggers (ROS control). 


Set 'stop' trigger during 
I-Fetch of instruction. 
Execute instruction. 


All interruptions are 
1 executed (if not masked 
| off) before entering 
stop loop. 


Interruption 
pending 


Execute interruption 
routine. 


Set ‘stop’ trigger 
during interruption 
(micro-order). 


> 
Place RATE switch 
in SINGLE CYCLE 
or SINGLE CYCLE 
STORAGE INHIBIT 
position. 
A 
In stop Yes 
loop 
. Depress STOP or Pre 5 
> P Inhibit stepping 
SYSTEM RESET. interval timer and 
pulse mode operation 
when PULSE MODE 
switch is in TIME 
position. 
B 
Set 'single cycle’ 
trigger. 
> Depress START. Subsequent functions 
are activated by 
depressing START. 
C ee cee 1 Gates 1 CPU clock 
ees | pulse and is then reset 
| by ‘block’ trigger. 
Set 'block' trigger. ! Reet por 
pulse’ trigger. 
> 
SINGLE CYCLE STORAGE INHIBIT RATE sw SINGLE CYCLE 
position 
D 
Storage 
request 
E 
Diagram 6-14. Single-Cycle and Single-Cycle-Inhibit Routine 
> 
RPT INSN 
ADJUST Not Program Store Compare 
Roller 3 Not External Interrupt Priority 
Position 1 
F Repeat Bit 9 Interrupt Priority 
Instruction 
Manual Tgr Adjust Repeat jon 
es Not Stat G 
A A 
TEST 
| KM831 
} Not Time Clk or Intrpt Stop ies. 4 
> ce | a 
KM831 
NEOP or BEOP Pea 
REPEAT 
INSN MPLE 
PKOSI. YY ae 
G ——o—0 proc on | 
SINGLE RPT INSN 
INIT 
Roller 3 
Repeat Position 1 
instruction Bit 10 
> Initialization 
= Blocks Loading Q 
from SDBO 
Reset Manual Controls 
Not Repeat Instruction Initialization Disable Time Clock 
H KW041 
Diagram 6-15. Repeat Instruction Switch Logic 
> 


Blocks Lower-Priority 
Exceptional Conditions 


= To Block |-Fetch Tgr 


(Diagram 5-16) 


= 
ROSAR RX 
0 i 


Force ROSAR(6, 8). Branch to 
ROS Address 028 (Hex) (Repeat 


Instruction). 


7201-02 FEMDM (7/70) 6-14, 6-15 


Repeat 
single or 
multiple 


Multiple 


i Single 
Continue present J i] 
operation. = 

Disable interval timer. Reset ‘repeat Prevents returning to 
instruction adjust’ repeat instruction 


trigger. microprogram. 


REPEAT 
INSN switch 


position 


PROC 


Normal position. 


Remain in stop loop until SINGLE or MPLE 


Repeat instruction 
microprogram end op. 


manual intervention 
occurs. 


Repeat instruction 
microprogram end op. 


| Causes I-Fetch 
| exceptional condition. 


> Set ‘repeat instruction 
adjust’ trigger (roller 3, 
position 1, bit 9). 


Depress START. 
B Reset 'stop' and Instruction end op. 
‘manual' triggers. 


Execute instruction 
beginning with Ist 
halfword in Q. 


Executes maximum 
of 4 halfwords. 


Execute instruction 
halfwords in Q per 
1C(21, 22). 


Cycles ‘through Q. 


Set 'block 
i I-Fetch’ trigger. 


Force address 028 (hex) Diagram 5-27 
into ROSAR during 


|-Fetch. 


Interruption 


Manual contro! 


exceptional ‘condition. 


Process interruption. 


Qy051 


Reset STAT D, 'program 
store compare’, and 


‘execute’ triggers, D, 
and [C(21, 22). 


> Set 1's into 
ST and LSWR. 


Save original 
contents of main 
storage location 0. 


Fetch contents of main 
storage location 0 and 
place into AB. 


Transfer contents of 
DATA switches to ST. 


Set mark triggers 
0-7 and store ST 
into main storage 


> location 0. 


| 

| 

| 

| 

| 

| 

| 

| 

7 
| 
| 

| 

| 

| 

| 

1 

za | 


Load instruction 
hal fwords from main 
E storage into Q. 


Gate Ist instruction 
halfword from Q 
to R. 


Restore original contents 
of main storage location 
0 from ST. 


Prevents returning to repeat instruction 
microprogram at microprogram end op time. 


Set 'repeat instruction |. are 
initialization’ latch I Blocks lodding of Q from SDBO. | 


Set STAT G 


(rofler 3, position 1; 
bit 10). ; 


Diagram 6-16. Repeat Instruction Switch Routine 


6-16 (7/70) 


ROS 
TRANSFER 


PK041 


A 
State 0, or 1, or Test 


KW361 
TEST 
REPEAT ROS = 
ADDRESS 
PKO51 
——O—_po 
(Down) 
P2 Reset ROSAR Lth 0-5 
Machine Reset Not Logical 
Not Clock P3 
Not Clock P2 
ADDRESS 8 
PKO31 
——o-—po 0 
7] 
(Down) 
ADDRESS 19 
PK031 
1 
(Down) 
ROSAR RX 
0 11 
0 11 


STOP ON 


ROS ADDRESS (up) 


cree 


(ROS Transfer 


and Repeat 
' Address) 


RX901 


ADDRESS Keys 9-10 
Similar to 8 and 19 


Address Keys 8-19 
te ON 


(ROS Transfer 
and Repeat 
Address) 


RX901 


ROS Address 
Compare Sync 
(Test Point) 


Diagram 6-17. ROS TRANSFER and REPEAT ROS ADDRESS Switch Gating 


© 


ROS TRANSFER PB 
(Branch from Stop Loop 
Diagram 6-4) 


Repeat ROS Address 


Inh Sto Req on Repeat ROS Add 


Force YIASC on Repeat ROS Add 


Force ROSAR 0 


Force ROSAR 1-10 
Similar to ROSAR 
Oand 11. 


Force ROSAR 11. 


Pass Pulse Trigger 


KW041 


7201-02 FEMDM (7/70) 6-17 


> Place ROS address 
into ADDRESS switches 


. Set 800000 in ADDRESS switches for 


storage-ripple-display routine. 


for storage ripple store 2. Set 800006 in ADDRESS switches for 


or display routine. 


Depress ROS Must be in stop loop before 
TRANSFER. pushbutton action occurs. 


B QyY041 
Perform ROS 
transfer routine. | 
QyY051 
Transfer ROS address 
from D to IC and B. 
, Load I's into S, 
T, and D. 
Set ‘scan 
C 
Reset A, B, 
and E. 
Transfer contents of 
> DATA switches to ST. 


STORAGE 
SELECT switch 
set to select local 
or main storage 


Local 


> Reset E(8-15). 


storage-ripple-store routine. 


See Diagram 8-4. Transfer contents of 
ADDRESS switches to D; D to T; T(40- 
51) to ROSAR. Load T(32-63) with I's. 


tReset 'scan 
mode’ trigger. 
Transfer contents of 
DATA switches to ST. 


Diagram 5-608. ¥ Reset 'scan Diagram 5-608 . 


ROS address 7CF. mode' trigger. ROS address 7CE. 


E Yes (Write) << No (Read) 


Store T into LS 
> per E(11-15). 
tsubtract ] 
from E(8-15). 


Read data from LS 
per E(11-15) and 
place into S and PAL. 


Subtract } 
from E(8-15). 


Diagram 6-18. Storage Ripple Loop (Store and Display) Routine 


Issue 3-cycle 
main storage request 
(per address in D). 


Add 8 to 
address inD. 
Load 1's into F. 
Inhibit storage protect. 


Yes (Write) No (Read) 


Fetch data from 
main storage per 
address in D and 
place into AB and ST. 


Add B and S, and 
place result into PAL. 


Set mark 
triggers 0-7. 
Shift F left 4. 


Set key, per 
address in D, and 
date, per F(0-3). 


Issue 4-cycle 
main storage request 
(per address in D). 


Set mark 
triggers 0-7. 


Interruption 


Note: Manual intervention (e.g., system reset or load) is 
required to get out of storage ripple loop. 


t Following this block, an FLT-2, -3, or -4 microprogram is executed. 
These microprograms are inserted at this point to exercise circuits; they 
do not affect the storage ripple test. 


WAIT 14 wait 


ST Bus 14 


-Gate ST to PSW 8 to 15 


Diagram 6-19. Wait State Gating 


6-18, 6-19 (7/70) 


Request Priority for Manual 
RW121 Control Wait Exceptional Condition 
(Diagram 5«27) 


Roller 4 
Position 1 
Bit 16 


PSW to ST Reg Bit 14 


PSW Bit 14 to Odd Parity 


PSW Wait Mask Bit 


2 Vv 


3 
Load PSW. 


End Op Cycle 


Continue in Running 
state. PSW(14) is 


checked during 
end op or branch 
end op. 


I-Fetch Cycle 


Force address 02A 
(hex) of next 


micro-instruction 


into ROSAR. ! 


Manual Control Wait Microprogram . 


Time 


Notes: 1. Return to Wait state after 
stepping time clock. 
2. lf an interruption occurred, PSW(14) 
determines the Wait or Running state. 
3. Return to Wait state if PSW is not 
modified and START is depressed. 


Diagram 6-20. Wait State Microprogram Routine 


Scan Disable Timer (MCW Bit 20) 
,_ Single Cycle or Inst Step 

Not Pass Pulse Tgr 

ROS or FLT Test 

PM Initialization Tgr 


PULSE MODE 
PKOS} 
TIME A 
" @ 


“———O-—-O PROC oO 


Oo COUNT 


DISABLE INTERVAL 
TIMER 
PKOSI 


= A 
(Down) 
Repeat Inst Initialization 


REPEAT INSN KWO04i 
PKO51 


PROC 
/ 2 SINGLE 


* Manual Tgr 


Diagram 6-21. Disable Interval Timer Logic 


Set 'wait state’ 
and "block I~ 
Fetch’ triggers. 


step required, or 
‘stop’ trigger set, 
or interruption 
request 


PSW is loaded by: 
1. Load PSW instruction. 
2. IPL. 
3. PSW RESTART pushbutton. 
4. Interruption. 
Q and R are refilled per the 
instruction address in the new 
PSW. 


Performed by 
*EXCEP* 
micro-order 
during I-Fetch. 


clock 


Restart CPU clock. . 


Reset ‘block 
' I-Fetch' trigger. 


See Notes 


(Disable Interval Timer Decremeter Logic) 


Performed by 


‘O—e STAD‘ 
micro-order, 


7201-02 FEMDM (7/70) 6-20, 6-21 


og 2 
CHECK , 
CONTROL potOr 
PKO51 PROC 

(o] 
,DSBL 
IPL Status 
A 


Mach Ck Interrupt Tgr 
Scan Mode Lth or Tgr 


Not Match Ck Mask Tgr 


Scan Disable Errors 


ROS Err to Block CPU Clock 
S Reg MPR Parity Check 
Inhibit Clock PADD FS Error 
SADDER Half Sum Error 
> Parity Error E 00-15 
SADDER Full Sum Err 


Inhibit Clock PADD Half Sum Err 


Not Power on Reset 


D BCU Stop Clock on CPU Stg Ck 
Local Store Bus Parity Ck 
1OCE Check Response Tgr 
SAB Check in CE 
SDBI Parity Check 
CCR Parity Check 
> ATR Parity Error 


PSBAR ELC 


JOCE PSA Lockout .360 Mode 
Log ROS Check 
E Log Storage Check 
Logout Address Check 
360 Mode SE Stopped 


INHIBIT 
CE HARD 


> STOP y 


Error Log Required (Logout) 


Block Storage Select 


Inhibit Clock CE Ck 


KW091 


Stop on Check 


Disable Errors 


Not Logout Tgr 


FLT or ROS Test 
Scan Mode Tgr 


. Power on Reset 


“a 
KW081 f 


KW081 


CE ELC 


‘Cheek Reg | 
Summary (K53) 


Check Reg 1 Error 


Check Summary 
Roller 3 
Position 1] 

Bit 17 
_ Check Summary 


Check Reg 2 
Summary (M53) 


Check Reg 2 Error 


jor Hard Stop Inhibit OSC 
dard Stop Condition (Stop Clocks) 


"HS Reset Logout Tgr 
Not ROS or FLT Test 
Hew E a 


ATR Search Complete 


Diagram 6-22. CE Check Control and Inhibit CE Hardstop Switches, Logic and Error Controls 


6-22 (7/70) 


Time Clock Step SS 
Not Single Cycle or Inst Step 


PULSE MODE 
ADJUST 
(=) Roller 3 
Position 1 
PULSE MODE Bred 
PK0O4} 
TE om | Pulse Mode 
O Adjust 
jon |= To System Reset 
——O——0 PROC 
© 
COUNT 
Manual Tgr 


Cycle Ctr Eq 0 Lth 
Not Reset Stop Tgrs 


Allow Pulse Mode 


Sample SS 


(Pulse Mode : 2.8 usec 
Set Up) 


L 


Pulse Mode SS 


No Storage Op in Progress 


PULSE MODE 


INIT Roller 3 
(=) Position I 
Bit 12 


Pulse Mode 
Initialization 


-To Disable Time Clock 
Not Load or Reset 


To Disable 


Interleaving 


Reset Manual Controls To Diagnose FLT 


To System Reset 


Forced Adr 


Force ROSAR(9,11); 
Branch to ROS Address 005 
(Pulse Mode). 


Diagram 6-23. Pulse Mode Controls 


7201-02 FEMDM (7/70) 6-23 


PULSE 
MODE switch 


position 


Stop loop 
and not repeat 
instruction 


Reset ‘program store 
compare’ and 
‘execute’ trigger. 


Set ‘pulse mode adjust’ 


tri iler 3, : . 
ries 


QE041 


Fetch instruction from 
main storage per 


Depress STOP or 
SYSTEM RESET, and 
place REPEAT INSN 
switch in PROC 

position. 


Diagram 8-4 


Stop loop. 


Depress START. 


address in D and place 
into Q. 


Transfer Q to R 
per D(21, 22). 
Add 8 to D and 
place into IC. 


QE041 


Set ‘pulse mode 
initialization’ trigger. 


Fetch next instruction 
doubleword from main 
storage per IC and 

place into Q. 


No 


Force address (005, 
hex) into ROSAR to 
hegin microprogram 
tor pulse mode. 


QY051 


Reset STAT D and 


‘block I-Fetch’ trigger. 


Gentenge so ee ee ee 


FETCH COUNT 
| FROM DATA 


SWITCHES Load I's into 
S, T, and LSWR. | 
| 
| 
Reset 'stop' and | No 
Reset D. | ; 
| 2 
| 


Transfer contents of 


Begin instruction 
execution. 


Load @ from 
main storage 
per IC (0-20). 


DATA. switches to ST. 


Vv 
cr 


Ree en eee ey erat oe Enaeh eee 


Add 8 to IC. 


Re tacaere.ne . malig Ss a en 


TRANSFER COUNT 


I to COUNT 

| REGISTER Set 'scan mode 

j (DIAG. 8-IC1) trigger. 
Transfer T(32-38) and 
T (54-63) to MCW. 


| 
| Reset 'scan mode‘ 
| 


PULSE MODE 
switch in TIME or 
COUNT position 


T: AE* 


"Time 
clock step' 
trigger 
reset 


FLT 
counter =0 


CE Machine reset 


trigger and set ‘scan 
counter control' 
trigger. 


Continue 
instruction 
execution. 


tcontinue 
instruction 
execution. 


a a eae ee ee ce epee ee ae | 


So ee 


FETCH STARTING 


| ADDRESS OF Set ‘pulse mode 
INSTRUCTION TO Fetch contents of adjust’ trigger. 
BE PROCESSED location 0 of main Instruction 


F ] (psw RESTART) storage and place 


completed through 
into AB. 


end op 


| Transfer beginning Notes: *In time mode, operation is Yes 
address from B to from end of clock step time 
IC, T, and D. to end of next clock step. 
[ _| ¥ Reduce FLT counter on 
ea ; _——— ee each machine cycle. 


Diagram 6-24. Pulse Mode Operation 
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SOROS 
Roller 3 


$ a Bit 31 
0 SOROS 


reER Tea (cramer 
y,= 


i 
eH 


Short SS Pulse 
Scan Reset A 


System Reset 


CNSL LOG 
(=) Roller 3 
Position 1 
Console Bit 30 


Log Out 
Manual or Not Pass Pulse 

KU311 
End Op Tgr Bus 
Not Clock PO-1 z 
Syne Tgr 
Not Clock PO 


Scan Set Mach Chk Trap ROS 


KU451 
Diagram 6-25. LOG OUT Pushbutton Logic 
Clock PO 
Start 
Syne Latch ROS Test 
FLT Clock Time 1 Latch. A <_— 


System Reset 


Diagnose and SOROS Tgrs 


Manual or Not Pass Pulse 


ROS TEST 
Roller 3 

Position 1 
Bit 24 


ROS Test 
PKO41 = 
A 
ROS 
SCAN MODE, . 
ROS/PROC/FLT 
PROC 
@ 
FLT 


FLT TEST 
Roller 3 

Position 1 
Bit 23 


Diagram 6-26. SCAN MODE, ROS/PROC/FLT Switch Logic 


SOROS Tgr 


Console Logout and Sync 


TON Stop Tgr 


Set Mach Ck Trap Scan to PSW 


ROS Test Latch 


Block Scan Mode Tgr 


ROS Test or FLT Latch 


ROS Test or FLT or Diagnose 


ROS Test or eT Latch 


FLT Test 
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COMPUTING ELEMENT 


Diagram 6-115 
ROS Test sequence, 


KW371] 


CE in FLT or ROS test 
mode and FLT 


Diagram 6-116 
FLT sequence. 


BACKSPACE depressed, 


KW9371 


Reset the 'manual' and 1 Start CE clock. 
"pass pulse’ triggers. 


KU291 


‘Subsystem Reset’ 
Subsystem Reset, ey a ee 


FE321 


Set Unit Channel and 
PSBA bits in the 


CHECK 
RESET pb depressed 
when BACKSPACE FLT 
was depressed 


external register (on 
the Control Bus). 


Yes 


Enter stop loop. Wait 
for further operator 


action. 


Set the Rewind Latch. 


Diagram 6-115 
ROS Test sequence, 


KU311 


Set 'FLT backspace’ 
trigger. 


Diagram 6-116 KX131 


Send ‘FLT backspace’ to 
1OCE specified by the 


FLT Sequence 


LOAD UNIT switches, 


‘FLT 
Complete’ received 
from {OCE 


Yes 


Yes 


Rewind 
trigger on 


No ku3i1 


Keep 'FLT backspace 
[OCE(X)' up until LOAD 
or RESET pb is depressed. 
KU311 


Reset the FLT Backspace 


trigger. Drop ‘FLT 
backspace JOCE(X)'. 


Diagram 6-27. FLT BACKSPACE Pushbutton Logic and Flow 
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"FLT Backspace IOCE (X)' 


SEs and IOCEs 
(Configured to the issuing CE). 


Machine reset. (IOCEs 
propagate reset to I/O 
units configured or 
switched to them.) 


1/0 CONTROL ELEMENT 
(Selected by LOAD UNIT switches) 


Machine reset. 
Propagate reset to I/O 
units configured or 
switched to this IOCE, 
Enter halt loop. 


Halt Loop 


"FLT 
backspace’ 


Yes 
QT200 ,2B4 
Set Stats 0 and 1 to 


cause IPL branch from 
the halt loop. 


BA317,487 QK907 ,BOE 


Take Control Bus data 
to PSBAR and to the 
CCW for backspace. 


-QK800,B19 


Issue IPL SIO, and 
TIO to channel. 
Backspace FLT tape 
one record, 


QK908 , B8F 


Test channel status, 


QK801, BOF 


Prepare unit and 
channel addresses 
for PSW (0). 


QU801,B8C 


Send 'FLT complete' 
to the CE. 
Return to halt loop. 


87-9 (OL/L) WOW Z0-10ZL 


2 


Standard Interface 


(Channel) 


Selection Control 
and Tag In Lines 


Selection Control 
and Tag Out Lines 


Bus Out Lines 


Bus In Lines 


[F] : Parity 
Checked 

Write Data 

Flow Path 


errr mancecenemarnnet 


wen, Read Data 
= Flow Path 


Read/Write 


ZZLZZZ 722. 
Data Flow Path 


Indicator 


3 mn 4 4 Vv 5 Vv 6 Vv 7 v 8 v 


1052 Adapter 


Bus Out 
Receivers 


(Powering) 
PG0O11-012 


Interface 


Controls Diivars 


PG301-311 


PG101-111 


Valid/Invalid 
Command and 
Cmd Reject 

PG141 


Command Register 


; = 
Write 


= 
Read 


Sense 


1052 Carrier 
in Motion Not 
Com Cycle 


| 
Bus In | 


Read/Write Clock 
PG601 


55 ss 2S ASS Iss ss 7| 


Address 
Compare 


PG031 


Fixed Address 
(Pluggable) 


Command 
Decoder 


PGI41 


- PG031 


Read/Write Clock 


Bus Out 
Receivers 

(Powering) 
PGO11-012 


Translate 
“4 BCD to 8-Bit 


PG521-551 


Keyboard BCD 
“4 Powering 


PG501-502 


Keyboard 
Contacts 


Upper/Lower Case Control 


Data Register 
Conirols 


PG631-641 
ee 


Read/Write Clock 


Address Status 


Translate 


‘Generator Triggers cae cet pS» 8-Bit to T/R "AY PAT RTP IST AAD PEARY A SY AP AF APE LY AY AY AFA MA Tilt/Rotate 
egister Magnets 
PGO031 PG121-131 PG401-411 | 
olf ishalstel7 | 


Bus In 
Drivers 
PG301-311 


Parity Data Register 


Generator 
PG021 


PPAAAASDADAASAS 


ZZZZZZZZZZZY| Generator (ZZZZZZZZZP) Aux Magnet 


PG221 


Function Controls 
Sense Bit 


Latches 


ab 
PG021-141-621 a: Back 
unction Space Feed 
SEAVAACAWATAY Decode ZL LLL LD 


ZZZZ Le ey 
Read/Write Clock PG 42} i ae Magnets 
i 


G | 


| 


Function 


PG611-621 | 


Diagram 6-28. 1052 Adapter Unit 


1052 Keyboard/Printer 


2 Vv 3 
Pp 
0 Address 
l Out Byte 
Bus 2 ; 
Out 3 SW 
From 4 9 A Address Match 
Channel 5 
A 
6 
7 
- Not Operational In Tgr 
Address Out 
From 
Channel Select Out Coble Out 
A Select Out 
Hold Out Cable Out A 
Request In 


() Command Out Delay 


From Service Out Cable Out 

Channel 

To Operational In 

Channel 

From ; Not Address Out 
N 

Channel 


To 


Address In Tgr : Q Gate Address In 
Operational InTgr . 


Address In 


Channel 


Bus 


In 
To 


Channel 


From 


Address In Byte 


NE EO [OS [B fof [fo [7 


Command Out Cable Out 


Channel re Command Out 
CG) Operational In Tgr 


3 Address In Tgr 
Command Byte (a) Initial Selection Tgr 


Not Bus Out Parity Error 


P Not 0 
0 
A @ 
ho 
Out 3 
From 4 
Channel 5 
6 
7 


To 


ae Write Command Bits 
A 
7 

A Read Command Bits 
Not 7 : 


Command Gate A 


Initial Selection Tgr 


(2) Operational In Tgr 


Not Cmd or Serv Out i 

Not Address In Tgr 

Not Service In Tgr A 
Status Conditions 


Status In 


Channel 


Objectives: 


1. Match address-out byte with internally plugged address. 
2. Raise ‘operational-in'. 
3. Raise 'address in' and gate address byte to ‘bus in’ lines when 
"address out’ falls. 
4. Set command latches and drop 'address in' when 'command out delay’ rises. 
5. Raise ‘status in' and gate status byte fo 'bus in’ lines when 
‘command out' falls. 
6. Drop ‘operational in' and 'status in' when 'service out' rises. 


Initial 
Sel Tgr 


FF 


Gate Status In 
Command Out 
Service Out Delay 
Gen Sel I/O Disc Reset 


Address 


In Tgr 


PG101 : 
In Operational 


Not Select In Tor 

A FF 
Select Out : 
Not Select Out (2) 
Not Address In Tgr PG101 


Not Status In Tgr 


Not Service In 


A a Service Out Delay (6) Not Oper In Intlk 
Operational In Tgr : Gen Sel I/O Disc Reset 


Address Bit 
Generator 


PA, 
a 


Command Out Delay & 


Oper In Intlk 
A . FF . 
Gen Or Sel Reset 


@ Status In Tgr 
Not Sense Cmd ; (6) 
- Serv In and Serv Out PG101 


Command Gate 
Sense Gate 
Not Busy A 


A Write Gate 
Ready 


Sense Cmd Bits 


Turn On Service In OR FF 


Valid Command Service Request 


Write Gate Write 
Cmd PGTI 
FF 
Command Reset 
PG151 
SS 6 
Not End of Line 
Write A 
Not Busy or Stop OR 


Not Serv In and Serv Out 
Sample Compare Check 


Command or Service Out 


Service In Tgr 
Gen Sel I/O Disc Reset 


Read Cmd 
Write Gate FF 
Command Reset 
PG151 
Sense Command Bits : Sense Cmd 
Sense Gate ° FF 
Command Reset 
ue Test /O ” Test /O 
FF 
Not Initial Sel Tgr 
PG141 
Status Bit Lines 
A 


Gate Status In 


Status In Tgr 


of 
Not Operational In Tgr Ll (2) Operstional Ie Tat 


Cmd or Serv Out Delay PGI11 


P 
0 
| 
Bus 2 
In 3 
To 4 
Channel es 
6 
7 


Diagram 6-29. 1052 Adapter Initial Selection — Read, Write, Sense 
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2 Vv 3 Yv 4 v 5 Vv 6 


Not Operational In Tgr 
Address In Tgr 


Not Request In A 


Select Out || 
From Channel 


CE Mode 
Pon <j Not Address Out 
Channel Not Operational In Tgr] A 
Pash Not Suppress Out 
Channel Status Stacked Zi 

Channel End OR Service Request . 

Attention Irpt Device End 
TS Request In 
Channel 

Write Command Operational In Tgr 

Read Command : ; Not Address In Tgr 

Sense Command A Not Command or Service Out 

Not Initial Selection Tgr 

Busy Service 
Attention Status Condition In Tgr A 
F A 

Turn On Device End EF Saree Raaucee FF 

Turn On Stop, Busy, and Channel End 

Reset Device End and Busy 

PG121 PG111 
Gen, Sel, or Initial Reset 
Command Out 
Service In 

SS 2 

Not Printer Busy 

Not Stop 
To Service In 
Channel 

ik Service Response 
Eom Service Out Not Busy Or Stop ; A 
Channel Not End of Line Latch Turn On SS 1 
A SS 1 
Write A 

Objectives: , : 


1. Raise request-in: 


Data Byte lof 1} 23} 4} 5] 617, 
3. Start read/write clock and gate 'bus out! lines to data register when : 


‘service out' rises. 


P 
A. Immediately after initial selection (‘service request’ latch, Figure 6-29) 0 
B. When the printer has finished printing the previous character, or 
when the printer has finished performing the function defined by B ] 
the previous character ('service request! latch, Figure 6-29). on 2 Data Beo0T 
Register 
2. Raise 'service-in' when ‘command out! line indicates "proceed". oe : egister PG211 
4 
5 
6 
7 


4, Repeat, starting with 1B, and continue unti! ‘command out’ line 
indicates "stop" ; 


Diagram 6-30. 1052 Adapter Data Transfer — Write 
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Read 
28 ms 
Keyboard Strob A 
—— — Tum On SS 5 Ss 5 
S$ 5 


. SS 6 
Not End of Line A 5S 6 
Not Carrier In Motion 
Read A 
Keyboard Translator Output 8 


SS 7 
Not Shift Change = 
Keyboard Strobe A Turn On Service In Data PG201 
Not Stop Register PG211 
oft [2] 3]415 [6 17] 
Service Request Service Request Not: Supsress’ Out 
OR FE Status Conditions 
Command or Service Out Cy Not Oper In Tgr Q 
© Service In Trigger Not Address Out 
PGIN1 Not Operational In Tgr 
Address In Trigger 
Not Request In A 
Select Out Heal 
CE Mode : 
ts Request In 


Channel 


From Select Out Cable Out 


Channel is 
Hold Out Cable Our 


From Command Out Cable Out 
Channel 


Operational 


In T. 
Po ~) 


Not Select 1 
Address In Tgr cine 


Operational In Tgr 


Select Out 


To 
Channel 


Operational In Tgr 


From Not Address Out 
Channel 


To Address In 
Channel ; 


Address Bit 


Generator 


Address-In Byte 


Bus 


In 
To 
Channel 


Hala iP [wlr [alo [wv 


: CO) 
Service Request (3) 
(2) Operational In Tgr ats 
Not Command or Serv Out gr 
Not Address In Tgr 
Busy Condition 


Data PG201 
Register PG211 


ol els |4}515]7] 


Objectives: 
1, Start read/write clock at SS 5 when a key is operated. A Parity 
8 Generator 


PGi11 


P 
2. Gate keyboard translator output to data register. 0 
3. Raise ‘request in’. | 
; Bus 2 
4. Raise 'operational in' and ‘address in', gate address In 3 
byte to ‘bust in’ lines. To 4 
= : Channel 
5. Raise ‘service in' and gate data register output to 5 
‘bus in' lines when ‘command our" falls. 6 
6. Start read/write clock at SS 3 time (to operate printer) U 
when channel accepts data byte replying 'service out' 
to ‘service in’. To Service In 
Channel 
Service Response 
3 A 
From Service Out Turn On SS 3 
Channel ; Read a 


Diagram 6-31. 1052 Adapter Data Transfer — Read 
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Vv 


2 Vv 3 4 5 
oe Select Out = Sense Command © 
Service In and Service Out A 
Channe| Channel End 
Halt I/O Control FF ; 
From Address Out Turn On Stop, Busy, Channel End re Not Status Stacked 
Channel ; A - eneral or 
Operational In Tgr Write/Read Turn On Channel End Selective Reset Not Suppress Out 
Status In and Service Out OR} & Status Stacked A 
PG131 & Device End Interrupt 
From Command Out Attention Interrupt 
Channel Seine) Fr 
— Z Write/Read Turn On Ch End Stop Stop 
Hien Turn On Stop, Busy, Ch End OR] FF ee 
Cancel . Status Conditions 
Gen, Sel, or Init Reset 
2) Reset Device End Stored OR} 
PG121 j 
Device End Latch Service Request Not Address Out 
A Not Suppress Out A 
Status In Tgr Not Select In 
Not Operational In Tgr 
To Request In 
Channel 
Turn On Stop, Busy, Ch End Busy 
Stop peli 
a hi 
Not Carrier in Motion Turn On Device End 
Inhibit Carrier Return A Gan Sel: Se lav Reces 
Not Printer Bus | | 
Not Sense Command OR] Initial Sel Tgr A Busy Bit 
Not Read Command PG 121 
(6) Not Write Command A Test I/O 
Status In and Service Out Attn Status 
Device End m 
(4) Channel End 
© Status Stacked 
Store ; 
Turn On Device End Dev End 
Ready OR] FF Not Status In Tgr Device End Interrupt =) 
FF 
: Not t 
Gen, Sel, or Init Reset oF Status Stacked 
Reset Device End Stored oR 
PG621 
PG621 Sense Command Device End 
Service In and Service Out FF 
Control 
; Gen or Sel Reset 
Qs Gate ’ Reset Device End and Busy|OR| 
Bus Out 6 
A PG131 
Bus Out 7 Control Alarm 
Bus Out 4 = 
Stop 
Not Printer Busy 
Not Inhibit Carrier Return, : Turmcon SS-3 
7 SS 3 
Not SS 6 - ao 
End of Line Printer Busy 
A SS 4 Not SS 2. [ORB FF 5) 
Read Ze 
Not End of Line Contact 
Carrier Motion Lth Gen, Sel, or Init Reset = PG 
Not Shift Change A 641 
CR Latch 4 Gen, Sel, Init Reset 
Lower/ 
Carrier Return Upper 
Case 
A 
Stop lorf FF 
Carrier Return Lth ¢ ont 
Gen, Sel, Init Reset Stop A 
Printer Busy PG6I1 
@ Inhibit 
& Carrier 
Command Gate . Not Bus Out 4 Return -: 
Valid Command A Sense Gate A OR FE (6) 
Not Busy Condition A Write Gate 
Ready C Apecey 
Objectives: Gen, Sel, or CE Reset slab eas 
Device End PG151 
1. Set 'stop' and 'channel end' latches when ‘command @ se on | 
out! line indicates "Stop." Gate Status In K 
2. Start the read/write clock if carrier is to be returned. Status In Tag (Delay) 
3. Set 'store device end' latch when carrier is through 
moving (returning). Status 
4: Set ‘device end’ latch: Stacked 
t 
A. At the same time as the ‘channel end' latch if the From I sonmand Oy 
carrier is not to be returned; Channe Status In Tgr 
B. After channel end status has been accepted by the 
channel, and the carrier finishes returning. 
5. Raise ‘request in' for any pending status interrupt 
conditions. PG121 
6. Set ‘channel end‘ and ‘device end’ latches during initial Operational In Trigger Selective Halt [/O Latch Gen, Sel, I/O 
selection for either control command. Resak Disc. Bene 
7. Set ‘channel end' and ‘device end’ latches during sense 
byte transfer for Sense command. General Rst 
CE Reset. 
From 
Channel 


Not Suppress Out 


Diagram 6-32. 1052 Adapter Ending Sequence 


Gen, Sel Reset 


Not CE Mode 


7201-02 FEMDM (7/70) 6-32 


2 Vv 3 4 4 v 5 Vv 6 
RI 
ce N Aus 
8-Bit to 
Tilt/Rotate 
BCD C-Bit 
| 
Not Stop 
Not Shift Change 
1052 Keyboard Strobe 
Keyboard 
Contacts 
BCD 1-Bit 
BCD 2-Bit : 
Bi , : quipment 
BCD 4-Bit ait 
BCD 8-Bit Sia the A 
BCD A-Bit oe ae FF 
BCD B-Bit 
Not BCE D-Bit 
(+ Level) PG021 
Function 
Not Backspace 
Function Not Tabulate of : 
Decode 
Not Shift Change ; 
SS 6 Printer Cycle 
CR Latch $$ 3 Cam Control FF 
Read Black Cam Control FF 
Shift Change Gen, Sel, or Init Reset 
PG641 
. Bs gts, ty ee Ae er PG641 
Bhig — ae | +48V Not Com Cycle Not Buy Condition 
| | Sense Gate 
© O O Read Command 
| Print Shift Tab Space Any of these three CB's Wale Commaad A 
Cycle Backspace opening resets the 
| Cam Control Latch. Control Alarm Reset Sense 
Bytes 
be a er no = _]| General, Selective, or CE Reset 
Bus Out Equals 0 
Not Sense Command 
A 
Readyneb - eed Intervention Required ; 
Gen, Sel, Init Reset OR} fe Command Gate =z (1) Equipment Check Latch 
Not Ready PB Valid Command ; 
Open End-of-Forms Contact OR] Not Busy A 
PG621 Read Command 
Write Command Not Channel End A Unit Check Q) 
No-Op Command Device End on FF 
ola Not Sense Command 
svelid' Commer Not Status In Tag (Delay) 
Command Gate FF : 
tatus In Tgr PGI31 
Reset Sense Bytes 
PG14i 
Bus Out 0 
Bus Out 1 
Bus Out 2 
Bus Out 3 meu 
Bus Out 4 Check 
Bus Out 5 Bees: FF 
BuO0r 7 : Reset Sense Bytes 
Not Bus Out P GODT 
Request PB 
Intik 
Request PB 
“ i oR | Store Request Turn On Attention 
a FF | Not Suppress Out Attention 
Status 
Not Busy Condition A FF . 
Not Initial Sel Tgr A Attention Interrupt 
- Not Status Stacked : 
Reset Attn Stored PG621 Gen or Sel Reset 
Gen or Sel Reset PGISI 
Request PB Attn Status Latch Status In (and) Service Ou 


Not Service Out 
Gate Status In 


Reset Attn 


Request PB Intlk 


Store Req Latch 


Test 1/O 


Attn Status 
Status Stacked 

A N 
Channel End 
Device End 

Unit 
Cancel Exception 
FF 


Gen, Sel, Init Reset 
Status In (and) Service Out jORI 


Objectives: 

1. Set equipment check latch if: 
Printer tilt/rotate parity disagrees with keyboard parity bit 
during a Read command; 
Keyboard output is not odd parity; 
Printer fials to take a mechanical cycle when directed to print, 
up- or down-shift, tab, space, or backspace. 


B. 
c. 


. Set 'unit check’ latch when ‘status in' trigger is on for any of the 
following conditions: 
A. ‘Equipment check' latch is on 
B. 'Ready' latch is not on 
C. ‘Command reject! latch is on 
D. ‘Bus out check’ latch is on (even parity byte on ‘bus out’ lines). 


Diagram 6-33. 1052 Adapter Sense and Status Bytes 
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Stored EI 


Attn Status Latch 


A 
Not Status Stacked al 


Busy Condition Lch 
Init Sel Tgr 


Bus In 0 


A 
Attn Interrupt 


Sense Command 


A 
Service In Trigger Re 


Intervention 
Required 


To Bus In 
Drivers 


Channel — 
End Latch 


Device End 
Latch 


Unit Check 
Latch 


Unit Exception 


Latch 


Status In Trigger 


TOT-9 (L/L) WAWdd 720-107 


JoNUOD pue eyeq ULIS “[OT-9 WeIseIg 


Mark Bus 


0 31 32 63 


T 
CE Oscillator D Pulses PO-3 thru P2 ° 


FLT Time 0-3 


Scan 
Clock Logic 
32 39 40 51 52 53.57 58 63 | 
0 4 0 3) 2 | 
0 7 20.2125 26131 32 0 4 | 
Address a J 
MCW 0 Sequencer 4 
0 7120121 
: 20 21 25 26 31 32 7 : 4 
Scan and Diagnose 
Controls 
Storage Address ROS Test 
Address Sequencer Decoder KU 
Generator KU Decoder 
sAB(15-20) 
Scan 
Counter 
Decrementer KU 
Gate Selected 
Indicatable 
Set S or T as Specified Triggers to PAL Indicator Logic 
KT 
0 31 32 63 
= . 
Marks CT 
0 7 


Scan-Out Bus 


t 548(14, 15) controlled by 
‘FLT test' latch and ‘buffer 1' 
trigger on scan operations 


2 Vv 3 v 4 v 
: START Pushbutton 
RATE Switch Not in SINGLE CYCLE CPU : 
STORAGE INHIBIT Position Clock Go _Force Address Trigger 
; A 
atop Elock Trlager A LOG OUT Pushbutton 
Pass 
Pulse 
CPU 5 Latch Not BCU Hold On CPU Clock — 
Not Unconditional MC291 T 
KW041 
ROS Test 0 


Not mew(s) [| FLT Time 2 , 
Fail Trigger | 


a Continue KU471 
Pass. N 


Not Fail 


ROS Test Latch FOR | 
Repeat Latch 
FLT Check 
KU391 Response 
A 
ROS Test or as 
LOG OUT Pushbutton FLT Latch 
START Pushbutton Eg 
us A 


Storage Error 
ROS TRANSFER Pushbutton 
KWO041 
Not Manual Trigger , Block 


Single Cycle A T 
‘Pass Pulse 


Kwo4l 
Switch Singleshot EI 


Diagram 6-102. Scan Clock 
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KW04i 


(Diagram 4-1) 


(Diagram 4-1) 


(Diagram 4-1) 


Stop Clock Trigger 
Not Repeat ROS Address 


RATE Switch 

Not In SINGLE 
CYCLE STORAGE 
INHIBIT Position 


Not Repeat ROS Address 
Stop Clock ROS 


CE Clock (Ose D) 


SCAN CLOCK 


Adj 
Delay 


KU591 


Zz] | LZ) / LZ! 


PO-3 


PO-2 


PO-1 


PO 


Pl 


P2 


2 Vv 

T(62) 

A 
Gate ST Bus to FLT Ctrf a 
Clock PO : 
Not FLT Time 3 A 
Not FLT Time 2 
Clock PO-1 
T(63) 

A 
Gate ST Bus to FLT Ctrt 
Clock PO 
Not FLT Time 1 me 
Not FLT Time 3 
Clock PO-1 


pi ine 
ycle 


Not Clock P0-1 
Clock PO 

Not Clock Pl 
FLT Clock 0 
FLT Clock 1 
FLT Time 0 


FLT Time 1 


FLT Time 2 


FLT Time 3 


Diagram 6-103. FLT Clock 


3 bd 4 mi 5 
10 ns / Not 0 
. moma 
KU271 KU271 
Bia 1 rurtine | 
A ime 
| | 
KU271 
10 ns 
FLT Clock 1 pet 2 FLT Time 2 
|= L 
KU271 KU271 
TD 
So 
Not 0 
ee ee 3 FLT Time 3 
= : | 
Not Clock PO 
Not Clock P1 KU271 


Note: All clock and not-clock signals _ 
to FLT clock are from scan clock. 


tin the ALD, this signal 
is 'gate ST bus fo scan ctr‘. 
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Not 0 


| . 
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ee 
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Not 2_ 
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Not 4 
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ee oe 
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Not 3 
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£4 
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Diagram 6-104. Scan Counter Latches and Decrementer 
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To Address Seq (0). 


To Address Seq (1), 
FLT Ctr (0) 


To Address Seq (2), 
FLT Ctr (1), 
ROS Test Seq (0) 


To Address Seq (3), 
FLT Ctr (2), 
ROS Test Seq (1) 


To Address Seq (4), 
FLT Cir (3), 
ROS Test Seq (2) 


Not Clock P1 


Not Clock PO 


KU531 


ROS Test 7 


Rem Buffer 1 


Vv 4 v 5 Vv 6 


Scan Gate Mask RDD to SAB 


Address a 
Sequencer ; 

0 4 

0 4 
SAB(17-20) 


A 
By SAB(16) 


ROS Test Latch 


Not Address Sequence 0 


Buffer 1 


I 
FLT Time 2 n T= 
Clock PO . 08 | Invert Buffer Trigger 
ROS Initialize at Start of Record — OR} 
fe eee my eee ge KU531 
ADD Seq 0 
A 
INV - BFR 1 TGRT 
KU431 | ROS or FLT Latch 
SO a Sat An ae BA J 
. 554 
ees * scl ‘|. 
| scan at 
sf ce a NEN re De = 
FLT Time 0 I! CPU Clock P4 Sean Scan 
Restart [/O Tgr rm MC068 Sync Syne 


ROS Test 1,3,0r 6 
ROS 4 


eae phakic ge KU531 


A 
FLT Time 1 | | 


LOGOUT OR FLT J 


tros micro-order 


Logout 80 


Logout F8 
Logout 100 


Logout 138 


Buffer 1: 
FLT's 100 


FLT's 180 


Buffer 2: 
FLT's 200 


FLT's 280 


Diagram 6-105. Scan Storage Address Generator 


SCAN S to Request lor Not Clock PI i jor 


Master Reset 
Not Clock P1 oR Not Clock PO or P2 


MC068 MC068 Scan 


PO~2 T 


Master Reset 


sci Reset Request Tors OR} A SAB Bus 
MC068 


SAB 


10 11:12 13 14 15 16 17 18 19 20 21 22 23 


_ Note: Scan~generated main storage addresses 
start with the highest value required and are 
decremented to the lowest value required. 


Not Address Address Sequencer 
Sequence 0 


Buffer 1 
Trigger 


7201-02 FEMDM (7/70) 6-105 


To Scan 
Counter Latches 
for Decrementing 


—— 


FLT Counter 


0 Not Clock P1 
T = 
: Not Clock PO-1 
KUNI , 
l Not Clock P1 
T = 
FLT Counter =0 
L 
KU121 
2 Not Clock P1 
KU131 
3 Not Clock PI 
KU141 
Clock PO FLT Clock 0 
Not FLT Time 2 
Not FLT Time 3 FLT Time Not SOROS and Syne Latch 
0 A 
Not Clock Pl - A L Gate Scan Counter — 
Ku4il A Latch to FLT Counter 
Not FLT Time 1 Clock PO-2 
Not FLT Time 3 KU271 
Clock PQ : 
1—crrcteTort | | 
Not Pulse Mode Sean Scan 
Counter Counter 
Contro! Control 
eae i T ™” Not Clock PO-1 L 
ROS Test Sequencer = 2 Zz ae 
, 
KU331 K 
MCW(1) pea 
A : 
Address Compare to Scan 


KU331, KU0T1, KU021 


Machine Reset 


A Reset 
Not SOROS and Sync L i 


SOROS and Syne L 


Clock PO re KU331 
FLT Time 2 Note: 


All clock and not-clock 
Not MCW(6) signals are from scan clock. 
Not Clock PO-1 
Diagnose & tros micro-order. 


KU351 


Diagram 6-106. FLT Counter Decrementing 


6-106 (7/70) 


LOT-9 (OL/L) WOW 70-1072 


Roller Switch 1 Position 3 

Not Block Indicator Switches * 
Addr Seq Eg 10 111 
Scan Out Left 


Roller Switch 6 Position 3 


Not Block Indicator Switches * 


Ew 01 001 
Scan Out Right 


KT641 
500) 5(31) 1(32) 1(63 
Scan Word 23 
ee se av, at (64 Bits) 
| | | | 
! | | | 
| | 
| l | 
| | 
| | | 
DAR Mask (0) DAR Mask(31) = SADDL(00) 1C (23) 
Sees Scan Word 9 
(64 Bits) 


FP(0-7) Sel P(0-7) 
Not _ __ _. ___] Not Scan Word 0 , 
bee eee, Used a d | (64 Bits) 
Left Half of Scan Word] ~~ Right Half of Scan ue ( 
(32 Bits) - Word (32 Bits) : 


Notes: 
* 'Block indicators switches! signal is delayed ‘scan bypass' signal. 
** Not all indicatable triggers can be scanned out. 
Position 6 on rollers is not used on scan-out operations. 
There is no direct correlation between scan-out addresses and 
roller positions, Refer to ALD M3011 for scan-out address assignments. 


Diagram 6-107. Scan-Out Bus Data Flow — 


Scan Out + Roller 1 5-6 


Ind Bit 01 

Word 18 + Roller 1 Position 4 Roller 1 

ROSAR(I de. 

Word 23L + Roller 1 Position 3 ia Roller 1 Bit 0 
Ind ST Bit 00 A 

Word 10R + Roller 1 Position 2 

Ind F Reg 00 

Word 2L + Roller 1 Position 1 

Ind SATR + SCON from CE 2 


KTO001 Bits 2-34 

Scan Out + Roller 1 Position 5-6 

Ind Bit 35 

Word 18R + Roller 1 Position 4 Roller 1 
~ PROSAB(11) Bites 

Word 23L_+ Roller 1 Position 3 

Ind ST Bit 31 

Word 10R + Roller 1 Position 2 

Ind D Bit 23 as D Bit 31 

Word 2R + Roller 1 Position 1 

ind ATR Bit 39 A 


Rollers 2-5 


Scan Out 5L + Roller 6 Position 5 
Ind Stg Elmt ID 00 8 PAA 
Scan Out + Roller 6 Position 4-6 Roller 6 
\ Bit 1 
Word 9R + Roller 6 Position 3 


Roller 6 Bit 0 ma 
Ind SADDL_00 ee 32 631 Ap 
Word 6R + Roller 6 Position 2 F a a 
Mark :(0 
Roller 6 Position 1 
PADDL(32) ‘ Ja 
‘KT501 
Bits 2-34 Bia 
Word 5L + Roller 6 Position 5 : | 
| | ES 
Sean Out + Roller 6 Position 4-6 fF Roller 6 | - 
Bit 35 | | Enable Bus 
Word 9R + Roller 6 Position 3 ; a 
Ind 1C 23 as IC 3] R 
Word 6R + Roller 6 Position 2 
STC(2 
Roller 6 Position 1 : 
PADDL (62 
KT561 


KT901 


(OL/L) 801-9 


> 


Logout Pb Gated 

Console Logout Lth 0B 
Cycle Ctr tq 0 

Not Set Scan Ctr ROS 


Diagnose (Log on Count) f 
Pulsed Split Log to SOROS Set 
Ext CE Logout Request 


Error Log Required (Diagram 8-22) eit 


Mach Not Log Reset 


Scan or Hardstop Reset Saale alor| 


t When the Diagnose instruction 
specifies a log on count, the cycle 
counter decrements each cycle 
until it reaches zero, at which 
time the 'SOROS' trigger is set 
to initiate a logout. 


Release (TIC or Gap Lth) 
Not Syne 


Release and Sync 
FLT Clock Time 1 Lth 


SOROS and Syne Lth 
ROS or FLT or Addrs Seq Eq 14 


Diagram 6-108. Logout Control Logic 


SOROS 


KU251 


KU371 


Not Pass Pulse Tgr 

Stop Clock Tgr 

Inhib Clock CE Check (Diagram 8-22) 
Stop Clock ROS 

Not Single Cycle 

Not Repeat ROS Addrs 


Block Roller 


Loge Switches 
A T 


KU231 


fo lee Reduce Address Sequencer by 1 
Set Address Sequencer to 23 


(Stop CE Clock) 
- (Diagram 4~1) 


KCO11 


FLT Clock 
Address Sequencer = 23 


ie Set Marks $ and T 
ed 


Scan Clock 
bas KU531 tad Reset SCAN Controls 


FLT Clock 


Not Addr Seq = 22 to 14 


Address Sequencer = 14 


wa A Enable Scan Bypass 
aa Scan Out Right Hal fword 


f KU49I Gate PAL to T le 
Ar Set Marks for T ROSAR RX Scan words 13 through 
es 0 W 0 are scone’ under 
trol. 
KU531 ROS contro 
Scan 


ott , Force Address 019 into ROSAR node 
ia T Ey Gate ROS Fields 


KU511 


DR211 


SCAN Storage Control (SCI) 


CPU 
Request 


Gate Address to SAB, 


Marks to Mark Bus 


Scan 


| 

| 

| 

| 

| 

Request | 

= Reset Scan Storage 
T L T Controls | 
A 

| 

| 

I 

| 

| 

| 


MC068 MC068 MC068 


Scan Clock 


2 v 3 v 4 
D(14) 
T 
Address Sequencer = 10 RD211 


Roller 1 Position 2 


a | 
GC} 
A 
Scan Out Right 
SCAN OUT-RTWDT 


KT751 


(SOROS and Not ROS Test) or FLT 


FLT Time 1 or Latch A 
Not Address Sequencer = 23 


Not MCW(4) 


FLT Time or Latch A 
SOROS and ROS Test) or FLT 


Roller 1 Position 3 
Scan Out Left B 
Scan Out S Reg 


SCAN OUT-SREGT 


Scan Out S and T (ROS Testing) 


Sean Out S and T 


Scan Out TReg 
SCAN OUT-TREGT 


Storage Error Storage Check 


Scan Bypass 
Addr Seg = 23 


SCAN 
Release Storage 


MCW(4) 
Not Address Sequencer = 23 
(SOROS and ROS Test) or FLT 
Not Address Sequencer = 22 
FLT Time 1 or Latch B 


ROS Test 1 or 4 


(SOROS-and Not 
ROS Test) or FLT 


Not Address Sequencer = 23 


SCAN BYPASS (Words 13-0) 


A 
Not Clock PO-1 a | 


KU491 


“ROS Gate PADDL(48~55) 


to T(48-55) 


tros Micro-order 


Diagram 6-109. Scan-Out Path For One Bit 


Release 
Ext CE Logout Request 


Error Log Required 
KU251 


KU311 


Syne Tor 
Console Logout Tgr 


k Clock Pl 


Oscillator Sample 


KU251 


Scan Cloc 


CPU Clock 


Pulsed Split Log 


Cycle Ctr Eq 0 Lth 


FLT Time 1 


Release 


FLT Time 1 


Address Sequencer =14 SOROS and Sync 


ROS Test or FLT Latch 
KU251 


Diagram 6-110. Maintenance Mode Stop Clock Logic 


Not Syne Latch 


y. 5 Vv 6 
Roller 1 
Not Ind D(14) as D(22) Position 1 
Scan-Out Word 10r A 
EI or Roller 1 Position 2 
Say Roller 1 
Bit 25 


Not Ind ST(22) 


Not Bit 25 Roller 1 
Not Bit 25 Roller 2 
Not Bit 25 Roller 3 
Not Bit 25 Roller 4 
Not Bit 25 Roller 5 
Not Bit 25 Roller 6 
Not Bit 18 Roller 6 


Position 4 


PAL 54 


L= 


= 


Enable Scan Bypass 


AP541 


Not Clock P3 


Clock 
Inhibits 


KCOIT 
System Reset 


7201-02 FEMDM (7/70) 6-109, 6-1 10 


2 ¥ 3 Vv 4 = 


1— PASS/FAILF 


FLT Time 2 Set Pass Fail Tgr 


A 
ROS Test 1 KU391 Clock PO 
? KU451 


PAL (32-63) = 0 


ROS Test Latch 


A 
Not Start ROS Test Latch ES 


Not MCW(7)* 
Zero Result 
o—»PAss/FAILT 


FLT Time 3 
Fetch Next Test A 
ROS Test 4 
KU451 Kua Clock PO 
FLT Time 3 KU451 
ROS Test 4 i 
PAL(32-63) =0 
KU451 Zero Result 


Not MCW(7)* 


tros micro~order. 
“ Expected Result 


Diagram 6-111. Scan Control Triggers 


Not Repeat Latch . 
Unconditional Termination [Mcw (5)] 


A 
cael eee 


(Test in Storage) 


| | 
L se 
DS075 


Transfer in Channel (Diagram 6-113 


FLT Clock Time 2 Tgr 
ROS Test 5 Latch 


Machine Reset 


Scan Reset TIC and GAP ROS ff KU291 


tt 


ALT, MS-TEST 


MCW(6) (CT) _ ee 
Fetch Alt Test 
DS061 
KU391 . 
FLT Time 2 
ine ROS Test O Lth 
N 
Ny a 
a co 
ee =z 


KU391 
A 
Diagram 6-111 KU391 CONTIN TT 


. 


KUS91 t1oce - originated 
ROS Test Lth 
Repeat 


Diagram 6-112. Scan Control of ROS Microbranching 


6-111, 6-112 (7/70) 


Initialize at Start of Record 


Not Conditional Termination 


(MCW 6) 


Set ROSAR(11) 


Set ROSAR(10) — 


Fetch Next Test 


Reset Pass Pulse Tgr (Stop) 


Continue 


Set ROSAR(11) (Continue) 


T£ ROS micro-order (J-field) 


Fetch Next Test 


Fetch Alternate Test 


2 
SCAN ROS: 
MODE “pROG 
ELT 
KW371 
State 0 
. Test 
PX311 
BACKSPACE 
FLT 


Reset Delay 2500 usec SS 
LOAD 


TIC 


FLT Complete 


FLT Check Response 
Storage Error 


ROS Test 0 
FLT Clock Time 2 


Not Continue 


(Set GAP Latch) 


ROS Test or FLT Mode 


Gate Load Unit Switches to Ext 


Subsystem Reset 


To 
IOCE 


FLT Backspace 
1OCE (X) 


jor] 


KU311 


FLT Decode IOCE (X) 
(Load Unit Switches) 


ae IPL IOCE (x) 
FLT IPL 


L KX129 


(Set Release) 
(Test in Storage) 


(Reset Pass Pulse) A 
KUATI Not Clock P1 
| KU291 
KU471 
eo (Reset IPL) TIC latch is set only by the 


Set Pass or Fail rise of the TIC pulse. 


Repeat Latch 


Diagram 6-113. CE Scan/IOCE Interface 


7201-02 FEMDM 9 (7/70) 6-113 


Initiate a logout. 


Diagnose and D 
. k d epress 
i Acasa CHECK CONTROL LOG OUT 
if switch in PROC pushbutton . 
position and 
machine check 
External CE mask = 1. 
Logout Request 
via WDD. 
Set ‘error’ trigger. Manoa mode 
Stop CE clock or not pass 
at following pulse 
not clock time. 
Set External 
Logout Latch 
Send ELC to all Set ‘console logout ' 
CE's. latch. 


| Allows generation 
of clock pulses. 


Set 'pass 
pulse'trigger 
(pushbutton only). 


Set 'SOROS' 
trigger. 


1 Inhibit D and IC 
| storage requests. 

| Block setting marks 
from ROS per STC 


control. . 


Set address 
sequencer fo 23, 


Right halves of logout : Set "MMSC' r Keep CE clock 
D words 23-14 under trigger. - stopped. 
Set marks for ST 


> of sequence. 


Decrement 
address 
sequencer. 


hardware control. 


Block roller switches 
| with 'enable SCAN 
bypass’ signal for 


Note: Left halves of logout words 
22-18 are scanned out and stored 
under ROS control (17-14 left 
halves not used). 


Address 
sequencer 


. Yes 


Starting address 
for micro-program. 


Start CE clock. 


Set ‘scan 
mode' trigger. | 


Force 19 to ROSAR. 
Reset 'MMSC' 
trigger. 


Decrement address 
sequencer. 


Leave Hardware Control 


Note: LAD's 6521-6561 and 
Diagram 6-117 identify 
contents of each logout word. 

Sheet 2 


Diagram 6-114. Logout Sequence (Sheet 1 of 2) 


6-114, Sh 1 - (7/70) 


Sheet 1 


Logout words 13~0 


under ROS control . 


Enter ROS Control When Address Sequencer = 13 


Transfer LSWR 
toS. 


Scan out 


The LSWR is logged out 
because it may contain 
the IC contents 

during execution of 
certain instructions. 


tight-half 
word to T. Log Word 13 


Right-Half Word LSWR 


0 3132 83 
Swap contents 
of Sand T. 
Set marks and 
store ST. 


Decrement 
address sequencer. 
Scan out left-half 
word to T. 


Log Words (12-0) 


Left-Half Word Right-Half Word 


° uz 3 


Transfer T to LSWR. 
Scan out right-half 
word to T. 


Transfer LSWR to S. 
Set marks and 
store ST. 


Yes 


Address sequencer = 0 


Store original ST 
parity 


Correct ST parity. 


Set address 

sequencer to 7. 
Address sequencer | 
steps to 0. 


Scan out right- | Original parity of 
half word to T ST. 


it is set to 7 because 
no micro-order exists 

to set it to 0. Therefore, 
it is allowed to step to 0. 


Set address 
sequencer to 23. 
Issue storage request . 


This request is 
to recall original 
ST contents. 


Transfer SDBO to AB. 
Set address sequencer to 7. 


Scan out AB to Assigns correct 
ST via PAL. parity to original 


contents of ST. 


and store. 


‘Initiate Scan-system | Resets scan controls 
reset. and CPE data paths. 


Return ST contents 
with correct parity 
to main storage. 


Set address 
sequencer to 23. 
Set marks and 

store ST. 


Logout left hal f 
of words 22-18. 


Decrement address = 


sequencer. Scan out 
left half word to T. 


Set 'stop' trigger. 
Transfer T to LSWR 
LSWR to S. Store S. 


Address 
Sequencer 
Equal 18 


"Console logout' 
latch set 


Set 'machine check 
interrupt’ trigger. 


Diagram 5-19 
Machine check 
interruption. 


Diagram 6-114. Logout Sequence (Sheet 2 of 2) 


7201-02 FEMDM (7/70) 6-114,Sh 2 


Note: This is a summary flow 
For detailed 
ROS test sequence 
operation refer to 


sheets 2 through 5. Initiate IPL and pass 
control to IOCE, 


chart. 


LOAD 
pushbutton 


BACKSPACE y 
depressed twice and = 


Set up subsystem - 


to run ROS tests. 


IOCE loads a channel 
program which loads a 
buffer and sends TIC to 
the CE, 


| Set ROS test 
sequencer to 7, 


ROS state 7: 
decrement ROS 
test sequencer, 


ROS state 6: fetch 
word 0 (TN/ATN of 

test) after IOCE has . 
placed it in buffer, 


ROS state 5: 
invert ‘buffer 1' trigger 
and place TN into S, 


ROS state 4: 
compare TN in S with 
last test ATN in T, 


ROS state 3: 
fetch word 1 
(mask and MCW), 


ROS state 2: gate MCW 
into ST and distribute to 
MCW register, address 

sequencer, ROSAR, FLT 
counter, and FLT clock, 
Cycle ROS until FLT 

counter equals 0; then 
stop CE clock and scan 
out ROSDR to T. 


ROS state 1: 
set 'pass' or 
‘fail’ trigger; test 
for TIC or gap. 


ROS state 0: gate 
TN/ATN from storage 
to ST, Stop or cont=- 
inue per UT bit, CT 
bit, and ‘pass’ and 
‘fail’ triggers. 


Yes (Start next test) 


(Restart last test) 


Diagram 6-115. ROS Test Sequence (Sheet 1 of 5) 


6-115,Sh1 (7/70) 


2 | Vv 3 Vv 4 v . 5 Vv 6 


— One Machine Cycle (200 ns) eh One Machine Cycle (200 ns) — 


' 0 0 


| 
CE Clock: | | | 
Unsymmetrical (80 ns + 120 ns). | | PO-1 


Controlled by ‘maintenance mode stop fp+—— 80 aa oy ae 100 ns ——————> | 


clock! trigger or by 'Pass Pulse‘ trigger | 
during ROS Tests. PO 


| 
| | | 
PO-3 | | | 
1 | | 

| PO-2| | | 
Scan Clock: | | | 
Symmetrical (100 ns + 100 ns). 1 | rT Po-1 Fa. ri 
| 


Controlled by the 'Pass Pulse’ trigger. | | 


| ? | 
N | w 
\ 7 
Note: The rise of PO of the Scan Clock always \ | Wa 
coincides with the rise of PO of the CE Clock \ | 7 
when both are running. ‘ 0 0 0 
0 100 (200) 100 (200) 100 (200) 100 (200) ns 


| | 
if FLT Clock Time 3 


| | 
0 Fac Ra ReR Se a 
| | | 
| | ee ae 
| , 
i 
ROS Test State is always decremented at Scan Clock PO 


time of FLT Clock Time 3 except when in State 6, 
State 6 requires PO of FLT Clock 3 plus TIC latch on, 


FLT Clock Times 


Four Machine Cycles 


0 pp a 
FLT Clock Times 


ROS Test Data 
7 Bfr 1 Bfr 2 


100 200 
108 208 


ROS Test 
State 
Decrementing 


Set Up ROS Test 1 Test 1 Test 1 Test 1 TIC Set Up Next Test 2 Test 2 
Test 1 Sensed ROS Test 


Diagram 6-115. ROS Test Sequence (Sheet 2 of 5) 
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2 3 Vv 


[ MANUAL OPERATIONS 


Configure a maintenance subsystem (CE to be tested, SE, 

IOCE and TCU) in State 0, 

@ Mount ROS Test tape. 

e@ Set LOAD UNIT switches to select JOCE, channel, and 
tape unit. 

e Set MAIN STORAGE SELECT switch to the number of the 
configured SE, 

e@ Set the TEST switch on (down). 

Set the SCAN MODE, ROS/PROC/FLT switch to ROS, 


--- or 


| 
| Depress SYSTEM | 3 
| RESET pushbutton. L 
L . <i i ’ Force CE into the stop loop, 
ye eaaatf eee pg Oe t ‘manual’ trigger on. 


SCAN 
MODE in 
ROS, TEST on, CE 
in State 0 and 
Manual 


Yes 


Set the ROS Test 
Latch, 


KU431 
“Nnitialize at 
start of record’, , 


how 


MANUAL 
| OPERATIONS | 


KU331 


Reset ‘Scan Counter Conirol' 
trigger and latch, "Buffer 1’ 
trigger and all of the MCW, 


e@ Set CE CHECK 
CONTROL switch 
to DSBL. 

@ Depress LOAD 

pushbutton, 


Objective: Read record 1 (for first IPL) or restart IPL 
record (for 'GAP' and ‘continue'); then 
read IOCE channel program into SE, 


KW401 FE321 


Reset SE, IOCE (and TCU); Gate 
LOAD UNIT switches and MAIN 
STORAGE SELECT switch data to 
external Reg (on Control Bus). 


I Send "IPL 1OCE (X)" to the 
i selected IOCE, 


Initiate subsystem 
reset (includes CE 


! 
I 
machine reset), I 
Sheet 5 | 


KX129 


Set FLT IPL latch, 


Initiate IOCE 


KU291 @ operations, 
~~ "~ “T Loading of Buffer 1 by IOCE is 
! completed, (The TIC latch is 
! tested again in ROS State 6, 
¥ { It is not reset until ROS State 5.) 
* wy KU371 
W KU251 


Set ‘Maintenance 
Mode Stop Clock’ 


1 Stop CE clock (to prevent ROS 
' cycles). 


({MMSC) trigger. 


KU371 
Set ‘Sync' trigger ; Reset ROS M field. Inhibit: 
and latch, register ingating, ‘Stat’ trigger 
clock, 'ROS Error Sample’, 'Set 
KU451 Address Sample’, 'LS' Clock’, 


and ‘Sequence’ Triggers. 


Set ‘Scan Counter' 
latches to 7 (‘set 
ROS test seq to max’), 


KUS511 
Reset the ROS : ROSAR is reset to 0, 
sense latches. 
KU251 . 
R 1 7 1 Allow CE clock to run to | 
eet MING 1 allow ROS cycles. 
KU331 
Set ‘Start ROS Test' } Degate ‘initialize at start of record’, 
latch, ! Gate the Scan Counter latches to the 
ROS Test latches (State 7). 
Sheet 4 


Diagram 6-115. ROS Test Sequence (Sheet 3 of 5) 


6-115,Sh3 (7/70) 


Diagram 8-27 
BACKSPACE FLT 
Pushbutton flow. 


Sheet 5 


(Halt loop) 


Read 24 bytes into SE 
starting at PSA 0 
(location 0 of the 
selected SE), 


Execute CCW at 
location 8: No-op - 
and chain command, 


Execute CCW at 
location 10: No-op 
and chain command, 


Execute CCW at loc 
18: read 8 bytes into 
loc 0, Chain data, 


(Loader: loop) 


Execute CCW at 
location 20: read 88 
bytes (hex) into buffer 

1 (location 100), 
Chain data, 


Execute CCW at 
location 28: TIC to 
location 30, 


Execute CCW at — 
location 30: read 88 
bytes (hex) into buffer 
2 (location 200). 
Chain data. 


Execute CCW at 
location 38: TIC to 
location 20, 


Inter-record 
GAP 


Yes: 


Send GAP to CE, 


Return to the halt 
loop (received subsystem 
reset-from CE), 


Received 

IPL 1OCE (X), 

load unit and main 
storage 

_ addresses 


5 Vv 6 


Objective: Set up subsystem to run ROS Tests. Beds 


Objectives: 
A. First IPL: 
1, Initiate IPL to read record 1 from ROS tape, 
2. Record 1 is IOCE channel program which reads 
record 2, : 
3, Record 2'is IOCE channel program (loader loop) 
which loads buffers 1 and 2, 
B. Subsequent IPLs: 
1, Read restart record. 
2. Restart record takes 1OCE channel! into the 
loader loop. 


Read 24 bytes into 
SE starting at PSA 0. 


Execute CCW at 
location 8: read the 
first eight bytes of 
record 2 (Loader loop) 
into PSAQ, Chain data. 


Execute CCW at location 
10: read balance of 
record 2 (28 bytes) into 
locations 18-38 (hex). 
Chain commands, 


Command=chaining bit in the 


CCW prevents sending of GAP to 
the CE at the end of the record, 


1 TIC releases CE to execute 
test in buffer 1, 


i TIC releases CE to execute 
t _ test in buffer 2. 


FLT Clock Time 3 


eee eee eS eee 


ROS STATE 7 


Sheet 5 


KU531 


Invert the 
Buffer trigger, 


ROS STATE 6 


ROS STATE 5 


ROS STATE 4 


ROS STATE 3 


Sheet 3 


| 

| 

| 

| 

| 

| 

| 

| 

KU531 | 
| 
Buffer trigger. | 
y KU451 | 
| 

| 

| 

| 

| 

| 


Pg 
Scan reset, : 
1 


Reset: ‘Logout' trigger, ‘Release' 
latch, SOROS", 'Sync' trigger 
and latch, 


KU431 
Decrement ROS { Places Scan Conirols.into ROS 
test Sequencer, 1 State 6, 
Objectives: 


1, Fetch word 0 (TN/ATN) of test. 
2. Wait until test is in buffer, 


Gate Address of TN/ 
ATN to SAB, Initiate 
Scan Storage Request. 


Subtract 1 from ROS 1 Places Scan Controls into ROS 
test sequencer, ! State 5. 


KU531 


Gate SDBO to $(0-31), 


KU291 


Reset 'TIC' and 'GAP' 
Latches, 


KUI21,KU141 


Subtract 1 from ROS 1 Places Scan Controls into. ROS 
. test sequencer, I State 4, 


Objectives: 

1, Compare TN in S with ATN of last test in T. | 

2. If TN and ATN are equal, Continue ROS test. 

3, If TN and ATN are not equal, revert to 
state 7 to read in next test. 


1 PAL=0 if TN and ATN are equal. | 


Perform Scan~out S 
and T function, 


KU391 


Yes| KU1I21 


KUI4] 
Set ROS test 
sequencer to 7, 


Subtract 1 from ROS 1 Places Scan Controls into ROS 
test sequencer. 1 = State 3, 


Objective: Fetch word 1 (mask and MCW). 


Reset 'pass' and ‘fail' 
triggers. 


Sheet 5 


Gate word 1 address to 
SAB and initiate Scan 
Storage request. 


Subtract 1 from ROS 1 Places Scan Controls into ROS 
test sequencer, 1 State 2. 


Ft a ae er ee 


Diagram 6-115. ROS Test Sequence (Sheet 4 of 5) 


v . v 6 
ROS STATE 2 Objectives: 

1, Gate MCW to ST and distribute to MCW register, 
address sequencer, ROSAR, and FLT counter, 

2. Cycle ROS until FLT counter = 0, 

3. When FLT counter = 0, CPU clock is stopped and 
result in ROSDR is scanned out to T, 

RT9O1-RT917 


rr | | 
Gate SDBO to ST, t Mask to S and MCW to T. 


KU101-KU141 


Reset address 
sequencer and 


Fetch left half of logword, 


Unconditional terminate. 


FLT counter. 


Conditional terminate. 


Gate T(32-39,52) to Expected result. 
MCW register, 
T(40-51) to ROSAR, 
T(53-57) to address 
sequencer, and 


T(58-63) to FLT 
counter and FLT clock. 


Disable timer 


Bit ROS Scan Out| Cycle: 
Plane Address Address count 


32 35 36 37 38 39 40 5152 53 57 58 63 


KU331. - 
Set 'scan counter § Removes inhibit from ROS sense 
conirol' trigger & latch, V latch outputs, 

KU331 


Allow CE clock to ! 2 cycles for all ROS tests. | 
cycle ROS, 


Subtract 1 from 
FLT counter. 


KU251 


Set "MMSC' trigger to 
stop CE clock, 


KU371 
Set 'SOROS' and 


‘sync’ triggers and 
‘sync! latch, 


KU511 


Reset ROS sense 
latches and inhibit 
ingating. 


1 ROSAR is set to 000. | 

KU251 
Reset 'MMSC' trigger. 
} 


KT751 


Allow ROS to cycle (continuously 
fetches ROS word 000 which 


contains all zeros). 


Scan-out right word 
per address sequence 


and MCW bit 4 to PAL. 


RT901-RT9 17 


Gate PAL to T. 


KU331,KU371 


Reset ‘scan counter 


control', 'SOROS', 


and 'sync' triggers. 


KU121-KUI41 


Subtract 1 from ROS 1 
test sequencer, t 


Sheet 5 


Places scan contro 
state 1, 


Is into ROS 


7201-02 FEMDM (7/70) 6-115, Sh4 


Objectives: | 
ROS STATE 1 Sheet 4 1, Test results set ‘pass’ or "fail' 
trigger. @ 
ey 2. If 'TIC' pulse is not present and 


no input error is detected, repeat 


test; otherwise, continue. 


MANUAL OPERATION | 


KT751 


Perform scan out Mask in S isolates bit tested, PAL 
S$ and T function. will = 0 if tested bit = 1; PAL # 
0 if bit =0. 


Repeat 
failing test or 
restart 


Restart Repeat 


MC068 

@ Turn on SCAN MODE 

> Issue storage request Needed if a 'TIC' pulse has been REPEAT key. 
for TN/ATN, received and ‘fai!‘ trigger is set. 


e Depress START, 


Next test 
or failing test 


Failing ES 


Set - | Sheet 3 

Set - | —— —a aA 
- Set | 
- Set | ‘w KW04) 


Next 


Expected result, 


KW041 


Set ‘pass’ or ‘fail’ ERSLT ° 
trigger depending Bit Tor Tgr 

on result in PAL 
and on ERSLT bit, 


Set 'Pass Pulse’ 
No SCAN trigger. 
MODE REPEAT i 
key on | 
| Start the scan clock, | 
Yes 
> KW501 ; 
Reset the 'FLT . | Drop "IPL [OCE (X)' line to the | 
1 
IPL! latch. IOCE, Set ROS test 
| sequencer to 3. 
KU291 | 
| Reset the IOCE back to the | ] KU291,KU451 
reset, 
| halt loop, | ‘Sequencer to max’ and ‘seq 
TIC! iis to 0’ cause the sequencer to 
latch or 'GAP' | Sheet 4 go to 3, 
latch on 
KU21] KU291,KU451 
e Depress FLT if Backspace the ROS test tape to the 


Yes Set ROS test The lines 'seq to max' and ‘seq to 
sequencer to 3, | zero! cause sequencer to go to 3, 


BACKSPACE, 


| front of a restart IPL record (a restart 
pushbutton twice. 


IPL record precedes each tests record), 


Sheet 4 | . Diagram 6-27 
Subtract 1 from the Place scan controls in ROS FLT BACKSPACE 
ROS +est sequencer, state 0, | pushbutton flow. 
Objectives: | 
D ROS STATE 0 : 1, Gate TN/ATN from storage 


to ST, 


Se 2. Terminate on failing test 
Gate SDBO to ST, Places TN/ATN into ST. or UCT, 


3. Continue if passing test and CT. 


Unconditional terminate bit, 


Conditional terminate bit, 


MCW 6 tgr tgr 
a ae ee 
| off {oon | no 
fare ec al ea 
| off | on | nm | 
pon | off [mo | 


a UCT 
Yes 1 cw 5 


No 


OS 
fees 
eee 
pe] 


latcn or 'GAP* 
latch on 


KU331 KU431 


TIC. Reset ‘Start ROS | Enable ‘initialize at start 
KU451 Test' latch, of record’, 
Set ROS test sequencer 
> to 7 (max), KU291 
Initiate subsystem Force IOCE to the halt loop, 
reset. | (FLT IPL is not reset: IOCE 
re~IPLs), 


Sheet 4 Sheet 3 
KU331 KU431 
Reset the Start ROS Enable ‘initialize at start of 
Test latch, ; | record’, 
KU471 KU291 
Enable ‘reset IPL'. Reset FLT IPL latch (drop 'IPL' to 


|10CE) and initiate a subsystem reset 
| (force the IOCE into the halt loop). 
KU471 : 


Reset 'Pass Pulse! 
trigger, 
Stop the CE scan clock, 
| Await operator action, 


Diagram 6-115. ROS Test Sequence (Sheet 5 of 5) 


6-115,Sh5 (7/70) 


A 


Set up subsystem to run 
FLTs. 


Note: This is a summary flow chart. 
For detailed FLT sequence 


Initiate IPL, and pass refer to sheets 2 - 5. 
control to the IOCE, 


IOCE channel loads 
record | or 4 into storage, 
reads in record 2, and 

releases CE, 


ROS-controlled 
operations; set up CE IOCE loads buffers 1 and 


fo tum L Te. 2 with FLTs and sends TIC 
pulses to CE, 


Non-ROS-controlled 
operations: set up CE to 
run FLT microprograms, 


ROS operations: test for 
input error from IOCE, 
Set address sequencer to 
16, Determine if test is 
in storage (TIC pulse). 
Determine if alternate 
test is to be fetched by 
comparing ATN with 
next TN, 


Fetch 
alternate 
test 


ATN 
equals 
TN 


Sean in: address sequencer 
is decremented from 15 to 
0; test words are placed 
into S$, T, or Q, and the 
data is distributed 
throughout the CE under 
microprogram conirol, 


Test cycle: CE cycles 
until the FLT counter 
equals 0 (‘exit’ trigger 
state is changed). 


Scan Out: the exit 
trigger condition is 
scanned out to T, 


Result comparison: perform 
scan-out S and T, set 
‘pass’ and ‘fail’ triggers 


per PAL and ERSLT bit, 


Terminate or continue: 
stop or confinue per UT 
or CT bits and ‘pass’ 

and "fail' triggers. 


Stop or 
Continue 


Continue 


Stop 
Enter stop and 
restart routines, 


Diagram 6-116. FLT Sequence (Sheet 1 of 5) 


7201-02 FEMDM (7/70) 6-116,Sh1 


Vv 3 


Configure a maintenance subsystem (CE to 

be tested, SE, IOCE and TCU) in state 0, 

e@ Mount FLT Test tape. 

e Set LOAD UNIT switches to select IOCE, 
channel, and tape unit. 

e Set the MAIN STORAGE SELECT switch to 
the number of the configured SE. 

@ Set the TEST switch on (down). 

@ Set the SCAN MODE, ROS/PROC/FLT 

switch to FLT. 


r---- 


Depress SYSTEM | 1 Force the CE into the stop loop; 
RESET pushbutton, | ! ‘manual! trigger on, 


eeeeairenee! ieteeem 


MODE in FLT, 
TEST on, CE in 
state 0 and 
Manual, 


KU291 


Set the 'FLT Test' 
C trigger. , 


7 
MANUAL OPERATIONS | 


| 
| e Set CE CHECK CON-: 
| TROL switch to DSBL, | 


e Depress LOAD 
| . pushbutton. | 


DSSe eigen at eneremn arenes 


Objective: Read record 1 (for first IPL) or 
restart IPL record (for "GAP' and 
‘continue'); then read [OCE 
D channel program into the SE, 


KW401 


FE321 


Reset SE, IOCE (and TCU); 
gate LOAD UNIT switches and 

MAIN STORAGE SELECT switch 

data to External Reg (on Control Bus). 


~~ T'Send IPL IOCE (X)' fo the 
' selected IOCE, 


Initiate |OCE operations, 


Initiate subsystem reset 


(includes CE machine 


reset), 


KX129 
Set FLT IPL latch, 


KW041 


Set ‘Pass Pulse! 
trigger. 


KW411 
Enable the IPL 
PSW branch, 
F wy QY041,B88 


Branch from the 
stop loop, 


Sheet 3 


Diagram 6-116. FLT Sequence (Sheet 2 of 5) 


-6-116,Sh2 (7/70) 


| 
| 
| 
| 
| 
| 
| 
| 


v 


Objective: Set up subsystem to run FLTs. 


BACKSPACE FLT 


pushbutton flow. 


- 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 

| 

= 


(Halt loop) 


Received 
IPL IOCE (X), 
load unit and main 
storage 

addresses 


Read 24 bytes into SE 
starting at PSA 0 
(location 0 of the . 
selected SE). 


Execute CCW at 
location 8: no-op and 
chain command, 


Execute CCW at 
location 10: no-op and 
chain commands, 


Execute CCW at loc 
18: read 8 bytes into 
foc 0, Chain data, 


Execute CCW at location 
20: read 88 bytes (hex) 
into buffer 1 (location 
100), Chain data, 


Execute CCW at 
location 28: TIC to 
location 30. 


Execute CCW at location 
30: read 88 bytes (hex) 
into buffer 2 (location 
200), -Chain data. 


Execute CCW at 
location 38: TIC to 
location 20, 


Inter-record 
GAP 


Send GAP to CE, _ 


Return to the halt loop 
(received subsystem 
reset from CE). | 


Execute CCW at 
location 8: read the 
first eight bytes of 
record 2 (Loader loop) 
into PSAO, Chain data, 


Execute CCW at location 
10: read balance of 
record 2 (28 bytes) into 
locations 18=38 (hex). 
Chain commands, 


i TIC releases CE to execute 
t test in buffer 1, 


TIC releases CE to execute _ 
test in buffer 2. 


FLT Clock Time 3 


‘Objectives: 
A. First IPL 
1, Initiate IPL to read record 1 from FLT tape. 
2. Record 1 is IOCE channel program which reads 
record 2, 
3. Record 2 is LOCE channel program (loader loop) 
which loads buffers 1 and 2. 
B. Subsequent IPLs 
1. Read restart record, ° 
2. Restart record takes IOCE channel into the 
- foader loop. 


Command-chaining bit in 
the CCW prevents sending 
of GAP to the CE at the end 
of the record; 


Sheet 2 and 5 Objective: 


2. Determine if new TN matches ATN in T 
(if ATN search was required), 
3. Prepare to scan FLT into CE hardware. 


es 1, Wait for “test in storage’ from IOCE. | 


QY011,33F 
Set the ‘Scan 
Mode' trigger. 


QY011,81E 


Initiate machine reset. 
Reset the 'Stop' and 
‘Manual’ triggers. 


(ATN search loop) 


QY011,706 
Set the address | 16 points to the address in the buffer 
sequencer to 16, which contains TN/ATN. 


QY011,5B3 


‘TIC’ 


(‘test in storage‘) 


QY011,2D0 


Reset ‘Buffer 1‘ trigger. 
(Set 'Buffer 2° trigger on.) 
Set the 'pass' trigger; 

reset all of MCW, 


ATN search results from, pass’ 
trigger on; "fail' trigger off and 
MCW CT bit off. 


Alternate 
Test Number 
search 


QY011,2D3 


Invert ‘Buffer’ trigger. 
Fetch word 16 
(TN/ATN) into ST. 


No 
QyY011,2D1 


Set address sequencer to 
15, Invert 'Buffer' 


trigger. Reset 'TIC' QY011 ,8B3 
and 'GAP' Latches. Reset "TIC and 
‘GAP' latches. 


QY011,733 


Compare ATN of fast 
test with TN of next 
test, using scan out S 
and T function, 


Sheet 5 


QY011,250 


PAL 
equals 0 


QY011,81F 


Machine reset plus 
reset ‘Pass' and ‘Fail’ 


triggers, 


Sheet 5 . 
Objective: 


ey Perform ROS-controlled scan in 
of FLT (from buffer) into CE 
hardware. 


QY015,327 


Gate 0's to IC 


QY015,9A8 
Decrement address 
sequencer, 

QY015,9AP 


Fetch word 15 to LM, | Address sequencer equals 14. 
[Ades earn 


QY015,326 


Gate 0's to E. 
Gate LM(0-15) to N. 


Decrement address 
sequencer, 
QY015,9AY 


Fetch word 14 to LM. 


QY015,325 


Gate LM to XY. 


Diagram 6-116. FLT Sequence (Sheet 3 of 5) 


QY015,9A8 
Decrement address 
sequencer, 


QY015,9A9 


Fetch word 13 to LM, Address sequencer equals 12, 


QY015, 98E 
Decrement address 
sequencer, 


QY015,98F 


Fetch word 12 to ST. 1 Address sequencer equals 11, 


QY015,323 
Scan into DAR | 


register and 
miscellaneous triggers. 


QY015,98E 
Decrement address 
sequencer, 


QY015,98F 


Fetch word 11 to ST. ! Address sequencer equals 10. 


QY015,310 
Gate T to DAR mask, 


Decrement address 
sequencer, 


QY015,98F 


Fetch word 10 to ST. | Address sequencer equals 9, | 


QY015,707 


Gate T to External reg, 
Scan into miscellaneous 
triggers, Decrement 

address sequencer, 


QY015,98F 


Fetch word 9 to ST. i Address sequencer equals 8, 


QY015,64D 


Gate T to Select reg. 
Sean in miscellaneous 


triggers, Decrement 
address sequencer, 


QyY015,151 


Fetch word 8 to ST. ! Address sequencer equals 7, | 


QY015,1D1 


Gate S to K. 
Scan into miscellaneous 


triggers, 


QY021,847 
Fetch word 7 to ST. 
Gate 0's to ABC. 
QY021,703 
Decrement address 
sequencer, 


QY021,64C 


Fetch word 7 to Q, t Address sequencer equals 6, | 


Sheet 4 


7201-02 FEMDM (7/70) 6-116,Sh 3 


Sheet 3 


QY021,846 


Gate PAL parity to 
A STC. Gate Q(0-15) 


to R, 


QY021,1D2 


Decrement address 
sequencer, 


r QY021,1D0 


Fetch word 6 to ST. 1 _ Address sequencer equals 5. | 


QY021,845 


Gate T to IC. Scan 
in miscellaneous 


triggers, Gate R fo E, 
Gate ST to PSW, 


QY021,1D2 
Decrement address 
| sequencer, 


QY021,1D0 


Fetch word 5 to ST. I Address sequencer equals 4, | 


QY021 ,844 


Gate S toD., Scan 
into miscellaneous 


triggers, Gate 
Q(16-31) to R. 


QY021,1D2 


Br Decrement address 
sequencer, 


QY021,1D0 


Fetch word 4 to ST, t Address sequencer equals 3, | 


D QY021,843 


Gate S to B, Scan 
into miscellaneous 


triggers, 


QY021,1D2 


Decrement address 
sequencer, 


QY021,1D0 


Fetch word 3 to ST, ft Address sequencer equals 2, 


QY021 ,842 


Gate S to’A, Scan 
into miscellaneous 
triggers, 


QY021 ,703 
> Decrement address 
sequencer, 


QY021,64C 


Fetch word 2 to Q. ! Address sequencer equals 1, 


QY021,1D2 


: Decrement address 
sequencer, 


Diagram 6-116. FLT Sequence (Sheet 4 of 5) 


6-116,Sh4 (7/70) 


QyY021,1D0 


Fetch word 1 to ST, 


Gate: 

1(32-37,52) to MCW, 
T(40-51) to ROSAR, 
1(53-57) to address 


sequencer, 
T(58-65) to FLT 
counter and clock, 


QY021,64F 


QyY021,150 


Fetch word 0 to ST. 
Reset 'scan mode' 


trigger. 


Allow CE one ROS 
cycle, Decrement 
FLT counter. 


FLT 
counter 
equals 0 


Yes 
KU251 


Set the 'maintenance 


mode stop clock 
(MMSC)' trigger. 


KU351 
Set 'scan out ROS 
(SOROS)' trigger. 

KU371 


Set the 'sync’ trigger 
and latch, 


Sheet 5 


QY021,840 


Set 'scan counter 
control" trigger. 


' (52) indicates a program intended stop. 


5 Vv 6 


Objectives: 

1, Move MCW from FLT (in buffer) into CE to 
control ROS cycling. 

2. Fetch bits (to set up ST for test) into ST. 


Functions of T bits in MCW; 
(32-35) not used. 
(36) on specifies left half of logword 
is to be scanned out, 
(37-39) UT, CT,ERSLT. 
(40-51) ROS address at which ROS 
will be started.” 


(53~57) points to logword to be 
scanned out, 

(58-63) number of ROS cycles to be 

executed, 


Objective: Cycle ROS the number of cycles and 
from the address specified by the MCW, 


Sheet 4 


KU18] 


greater than 14 
(hardware-controlled scan-out) 


less than 14 


(ROS-controlled scan-out) Address 


“sequencer 
value. 


-- eo -- 

Force ROSAR to 009 1 Bit 11 is forced by ‘scan { “| Force ROSAR to O11 

(bits 8 and 11 on). ' inhibit next ROSA’. { 1 (bits 7 and 11 on) 
a ee | : 


KU25) 


Reset MMSC trigger. 


KU491 


Scan-out via PADDL 
to T per MCW, 


H Allow ROS to cycle, 


QY031 ,009 . KU551 
ays, if aie KU251 
Initiate main storage f Address specified by address 


QY031,929,3A4 QY031,011 


Scan-out left or 
right half of 
logword, 


MCW(53-57) (address sequencer) 
l specifies logword; bit 4 specifies 
which half of logword. 


Initiate main storage 
request for mask per 
MCW. 


QyY021,1D3 


Gate mask to S, 
16 to address sequencer, 


QY021,601 
- Perform Scan~out S 
and T Functions. 


QY021 ,602 


Set address sequencers to 
15, Set pass or fail 


triggers per PAL and 
ERSLT bit. 


Set 


QY021,602 


Scan mode. 
REPEAT switch on 


No 


TIC or 
GAP or UT 
bit 


QY021,802 


Scan 'store request’. mee 


QY021 ,803 


TN/ATN to ST. 


QY031,2CE 


>) Repeat Test 


Sheet 3 


Stop 
or Continue 


QY031,8C6 
Set address sequencers to Continue 
15. Set UT Bit. Stop 
Scan, Reset IPL and 
reset FLT IPL Lth, ey 
(Note 1). 
Sheet 3 


Yes Store PB 


Depressed 


I's to T, Data keys 
to ST. Next TN in T. 


Start 
PB Depressed 
(Note 2) 


Yes 


Sheet 3 


Notes: 

1, To restart after a stop, depress FLT BACKSPACE twice, then the LOAD 
Pushbutton once. This will bring in the next test and run it (Diagram 6-27), 

2. To loop on failing test, operator must place SCAN MODE REPEAT Switch 
down before depressing START pushbutton. 


Diagram 6-116. FLT Sequence (Sheet 5 of 5) 


{ Indicators to PADDL gated by 
1 ‘enable scan bypass’. 


ERSLT ‘Pass! ‘Fail’ 
Bit Tgr 


Set 


v 


Objectives: 
if 


(specified by the MCW address sequencer), 


2. Fetch mask from storage. 


Reset MMSC trigger. H Allow ROS. to cycle. | 


When 'GAP' is received from the 
I 1OCE, the CE issues "subsystem reset’ 
| to the IOCE, The JOCE is reset out of 
| the loader loop into the halt loop. 
"IPL [OCE (X)' is still active (FLT IPL 
| latch in the CE was not reset) which 
causes the IOCE to re-IPL. 


Display Number of Test - 


! Just Completed, 


Continue (ATN Search) 
Continue (next test) 
Continue (next test) 
Stop 
Stop 


v 6 


. Scan-out the half logword which includes the trigger being tested 


7201-02 FEMDM (7/70) 6-116,Sh5 


(OL/L) TUS ‘LII-9 


2 
LOG | PSA PSA 
WORD] LOC- | WORD COMMENT 
NO. | ATION | NO. ‘ 
128 PARITY FOR 
(80) F, D, QAND 
DAR MASK 


SELECT REG ST REGISTER CCR PARITY FOR 
ee P P P P P P P P Pp P P P P P P P oh Re ShENG 
o-7 | 8-15 |.16-23 | 24-31 . o-7 | 8-15 | 16-23 | 24-31 | 32-39 | 40-47 | 48-55 | 56-63 | o-7 | 8-15 | 16-23 | 24-31 CCR 
G ATR EXT ST AB 
136 REG Ic RPT | INSTR [DISABLE] STAT | 1 FETCH IL lingtrpp | MCW | ADDR | Fit. |. MARK | REG | REG | PADDL 
(88) p p REQ | INSTR | STEP | INTER- | TGR 1 NOT |erawpp RTP SEQ | CLOCK P P P P 
16-23 | 24-31 ADJ TGR | LEAVE A TGR | AVAIL | 99 0 0 0 0-7 32-39 | 64-67 | 64-67 


EXTERNAL TRIGGERS 
PERMIT !OCE 


AB REGISTER 
140 


LOGOUT IOCE . ' 


w 
on 


v 


148 


152 
(98) 


156 


160 
(AO) 


164 


168 
(A8) 


172 


176 
(80) 


~ 
om 
fe) 


_ 
to) 
eo 


w 
N 


be) 


> 


B Cc D 

0 1 2 

D SCAN SET 
REQ REQ KEY 


STORAGE CHECK 
ADDRESS REGISTER 


0 1 “2 
RSA 
LACMP ec RMP 
1 2 3 
0 1 2 
0 1 2 


32 33 34. 


w 
wn” 

=>20 
4 m 
atl 

Po 

N 

w 

DS) 

_7~ 

[) 

re} 

2 

N 

© 

Lie ~) 

= 

an 


E F 
SYSTEM MASK 
a ee 
INSERT| 3 
KEY | CYCLE 
REQ 
360 
3. | MODE 
MCW REGISTER 
RSARP 
4 5 
3 4 
MARKS 
3 4 


35 36 


Diagram 6-117. CE Logword Formats (Sheet 1 of 3) 


BLOCK 
1 
FETCH 


PROGRAM STATUS WORD 


5 6, 7 
PAGE 
1 
LTH 
SE STPD 
TEST | IN 360 
MODE | MODE 
LOC DT 
6 7 20 
5 6 7. 
5 6 7 


37 38 39 


| FETCH | | FETCH j EXEC IN 
2 3 PROG 
TGR TGR | TGR 
KEY 
8 9 10 i 
RPT | PULSE | PULSE | STOP 
INSTR | MODE | MODE |] TGR 
INIT | ADJ | INIT 
SAB , SDBI , SE/DE ,.SE/DE 
CHK | CHK | T/O | ADDR 
CHK » 


SCAN ADDRESS SEQUENCER 
1 2 3 4 


SELECT REGISTER 


PROG | | FETCH, BRINV || FETCH 
STORE | REQ | ADDR INV CE] 
cOmP | TGR TGR | ADDR | woD 
TGR 20 
IC 
A M Ww IN 
12 13 14 15 LSWR 
BLOCK | PASS BLOCK | FORCE | SINGLE 
TGR | PULSE | INTRPT | ADDR | CYCLE 
TGR TGR TGR 
CHECK REGISTER 2 
SE/DE LOS |OCE 
DATA | FETCH |. TO BUS 
CHK | CHK SE/DE CHK 
SCAN CYCLE COUNTER FLT 
CLOCK 
0 1 2 3 1 
" EXTERNAL REGISTER 
12 13 14 15 16 
1X 


44 


AB REGISTER 


45 46 47 48 


EXTERNAL | NTERRUPT REGISTER 


CEI —CE2 CE: “cies opp CE3 
RDD , WDD , RDD WDD 
21 22 33 24 25 2% 
PROGRAM STATUS WORD 
COND CODE PROGRAM MASK 
34 35 36 37 38 39 
cHeck| clock | RPT FLT ros | scc 
SUM | INHIBIT] TEST | TEST | TEST | TGR 
TGR 
LOCAL 
STORE , CCR , ATR | PSBAR , PSBAR . PSBAR 
pus | pry | PTY pty | Not | Att 
cHk | CHK | CHK | CHK | CONF | CHK 
ROS TEST 
SEQUENCER 
0 1 2 
17 18 19 20 21 | 22 
AB REG ABC 
65 6s 67 0 1 


49 50 51 


52 53 54 


PIR 
CE3 — CE4 PIR DAR 
RDD | RDD- 
27 29 30 31 1 2 
PROGRAM 
MC INTERRUPT CODE 
INTRPT 8 4 9 
DISABLE 
SYNC | |NTER- | FLT |CONSOL DIAG 
TGR | HEAVE | BKSP bog SOROS| TGR 
ADDR 
SPLIT | LOG | LOG CE RDD 
LOG | ROS | ADDR | LOG | 1/0 
OuT | CHK | CHK | REQ 
FLT FLT oe 
PASS | FAIL 
es ERR 
23 24 25. 26 27 28 
INSERT 
PADDL LOCAL 
STORE 
2 64 65 66 67 SIGN 


55 56 57 


58 59 60 


ae CE SEL SATR TIME SELECT 1OCE IOCE _ INTRPT EXTERNAL REG G REG (WRITE DIRECT) ATR-2 G REG 
60) 36 CLOCK mc | GATE p p p p ATR-2. 
2 3 4 STEP 1 2 3 REQ TGR 0-7 8-15 16-23 | 24-31 0 1 2 3 4 5 6 7 32 33 34 35 36 37 38 39 


SELECT 
REG 


ATR-1 


TIMING 
GT 
3 TGR 


INTERRUPT 


PRIOR 
lORITY psw 


1 1 2 


am 

me 
pal 
oO 
@) 
> 
~~ 


CR2 
MAINT 
MODE | SCAN 
stop | BUFFER 
cLock}| | 
EXTERNAL 
: REG 
29 30 31 
STC 
0 1 2 


ABREG 
61 62 63 (32-63) 


(OL/L) WAWAA Z0-T0ZL 


t US ‘LIT-9 


> 


Vv 


7 . 
‘ EI 
LS) 


o) Vv wo 


Vv 


ei) at 
w 
foe} 
oO 
1, 0 
N 
fo) 
Low 
a 
75 
< 
a 
al 
fen) 
1 73 
NO 
wo 


7) 


Vv 


2 Vv 


LOG PSA PSA 
WORD| LOC- | WORD 
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Counter Counter. 2 


Hold 2 
Sample Even 
Sample Odd 
Zero Sample 
One Sample 


Two Sample 
Three Sample 


Wait for Data Latch Wait for Data 


Between Words Latch “<< Between Words 


Data Latch , : ; Data 


A-Register (see AB-Register) 
AB-Register: 
Data Flow 2-1 
Usage: 
Add, Subtract, and Compare Decimal 5-302 (Sheet 1) 
Branching Instructions 3-4 
Decimal Instructions 3-3 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Fixed-Point 5-110 (Sheet 4) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
1/O Instructions 3-6 
Logical Instructions 3-3 
Multiply, Decimal 5-305 (Sheet 1) 
Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
RR I-Fetch, One-Cycle 5-7 
RX I-Fetch, One-Cycle 5-7 
RX I-Fetch, Two-Cycle Indexed 5-11 
Status Switching Instructions 3-5 
AB-Register Byte Counter (see ABC) 
ABC: 
Data Flow 2-1 
Incrementer Latches 4-207 
Positive Logic Diagram 4-207 
Triggers 4-207 
Usage: 
Decimal Instructions 3-3 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Floating-Point 5-213 
Floating-Point Instructions 3-2 
Logical Instructions 3-3 
Multiply, Floating-Point 5-210 
Status Switching Instructions 3-5 
Accept Trigger 4-604 (Sheet 1) 
Add, A (5A); Fix Pt, RX 5-108 
Add, AP (FA); Dec, SS: 
Complement Add Sequence 5-303 
GIS 5-301 
True Add Sequence 5-302 
Add, AR (1A); Fix Pt, RR 5-108 
Add Halfword, AH (4A); Fix Pt, RX 5-108 
Add Logical, AL (SE); Fix Pt, RX . 5-108 
Add Logical, ALR (1E); Fix Pt, RR 5-108 
Add Normalized, AD (6A); Fl Pt, RX (Long) 5-207 
Add Normalized, ADR (2A); Fl Pt, RR (Long) 5-207 
Add Normalized, AE (7A); Fl Pt, RX (Short) 5-206 
Add Normalized, AER (3A); Fl Pt, RR (Short) 5-206 
Add Unnormalized, AU (7E); Fl Pt, RX (Short) 5-206 
Add Unnormalized, AUR (3E); Fl Pt, RR (Short) 5-206 
Add Unnormalized, AW (6E); Fl Pt, RX (Long) 5-207 
Add Unnormalized, AWR (2E); Fl Pt, RR (Long) 5-207 
Address Compare Trigger 6-6 
Address Decode Logic, SCI 4-602 
Address Gating Logic, SCI 4-602 
Address Gating, SCI 4-602 
Address Generator, Storage;Scan 6-105 
Addressing, ROS 4-105 (Sheet 1) 
Adjust Parity Flip-Latch 4-205 
And, N (54); Logic, RX 5-404 
And, NC (D4); Logic, SS 5-404 
And, NI (94); Logic, SI 5-404 
And, NR (14); Logic, RR 5-404 
AND Function, SAL(O) 4-406 
Any Storage Error Trigger 4-606 
Atray Drivers, ROS 4-106 
ATR: 
Data Flow 2-1 
Usage: 
Insert ATR 5-802 
Load PSBAR 5-805 
Set ATR (In issuing CE) 5-808 
Set ATR (In receiving CE) 5-809 


B-Field Transfer to LAL 4-301 

B-Register (see AB-Register) 

Bit Position Logic, Bit 47; Parallel Adder 4-410 

Block I-Fetch Trigger - 5-16 

Block Trigger 4-1, 6-12, 6-102 

Branch and Link, BAL (45); Br, RX 5-503 

Branch and Link, BALR (05); Br, RR 5-502 

Branch Invalid Address Trigger 5-29 (Sheet 1) 

Branch on Condition, BC (47); Br, RX 5-501 

Branch on Condition, BCR (07); Br, RR 5-501 

Branch on Count, BCT (46); Br, RX 5-504 

Branch on Count, BCTR (06); Br, RR 5-504 

Branch on Index High, BXH (86); Br, RS 5-505 

Branch on Index Low or Equal, BXLE (87); Br, RS 5-505 

Branch Requests 5-4 

Branching Instructions: 
Branch and Link, BAL (45);RX 5-503 
Branch and Link, BALR (05);RR 5-502 
Branch on Condition, BC (47);RX 5-501 
Branch.on Condition, BCR (07);RR 5-501 
Branch on Count, BCT (46);RX 5-504 
Branch on Count, BCTR (06);RR 5-504 
Branch on Index High, BXH (86);RS. 5-505 


Branch on Index Low or Equal, BXLE (87);RS 5-505 
Data Flow 3-4 
Execute, EX (44);RX 5-506 

Buffer 1 Trigger and Latch 6-105 


Carry Lookahead Logic: 
Parallel Adder 4-411 
SAL(O-3) 4-402 
CC Logic, Parallel Adder 4-416 
CCR: . 
Data Flow 2-1 
Usage: 
CE Control 4-210 
Psuedo-SCON (IPL or PSW Restart) 6-8A 
SCON 5-810 
CE: 
CHECK Switch Logic 6-22 
Control Panel 6-1 
Data Flow 2-1 
Force Address 6-7 
IPL 6-8 
MACHINE RESET & FORCE ADDRESS 6-7 
PSW RESTART 6-8 
Request: 
Sensing Logic, SCI 4-601 
Timing, Typical 4-611 
Roller Sw Indicators 6-2 
TEST Switch 4-3 
Characteristic Data Path: 
Floating-Point Divide 5-213 
Floating-Point Multiply 5-210 
Check Registers: 
Inputs 6-22 
Roller Display 6-2 
Check Reset 6-7 
Clock: 
Control Logic 4-3 
Control Logic Functional Sequence, SCI 4-603 
FLT 6-103 
Scan 6-102 
Signal Generator 4-3 
Compare C (59); Fix Pt, RX 5-108 
Compare, CD (69); Fl Pt, RX (Long) 5-207 
Compare, CDR (29); Fi Pt, RR (Long) 5-207 
Compare, CE (79); Fl Pt, RX (Short) 5-206 
Compare, CER (39); Fl Pt, RR (Short) 5-206 
Compare, CL (55); Logic, RX 5-403 


‘Compare, CLC (D5); Logic, SS 5-403 


Compare, CLI (95); Logic, SI. 5-403 
Compare, CLR (15); Logic, RR 5-403 
Compare CP (F9); Dec, SS: 

Complement Add Sequence 5-303 - 

GIS 5-301 

True Add Sequence 5-302 
Compare, CR (19); Fix Pt, RR ~ 5-108 
Compare, Halfword, CH (49); Fix Pt, RX 5-108 
Console Logout Latch 6-25 
Console Signal Trigger 5-24 
Convert to Binary, CVB (4F); Fix Pt, RX 5-111 
Convert to Decimal, CVD (4E); Fix Pt, RX 5-1 12 
CPU Clock Go Trigger 6-102, 4-603 
CPU 5 Trigger and Latch 4-603 
CPU 4 Trigger and Latch 4-603 
CPU Request Latch 6-108 
CPU Sequencers 4-603 
CPU Store in Progress Exceptional Condition 5-18 
CPU Store Trigger 5-18 
CPU 3 Trigger and Latch 4-603 
CPU 2 Trigger and Latch 4-603 


D-Register: 
Address Gating, BCU 4-602 
Data Flow 2-1 
Usage: 
Add, Subtract, and Compare, Decimal 5-302 (Sheet 1) 
B-Field Transfer to LAL 4-201 
Branching Instructions 3-4 
Decimal Instructions 3-3 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
Instruction Requests During End Op 5-2 
I/O Instructions 3-6 
Logical Instructions’ 3-3 
Multiply, Decimal 5-305 (Sheet 1) 
Multiply, Floating-Point 5-210 
Operand Prefetching During End Op 5-1 
RR I-Fetch, One-Cycle 5-7 
RS I-Fetch, One-Cycle 5-10 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed 5-11 
Selection of I-Fetch Sequence 5-5 
SI I-Fetch, One-Cycle 5-10 
Status Switching Instructions 3-5 
D Request Trigger 4-601 
D Sync Trigger and Latch 4-601 


7201-02 FEMDM 


INDEX 


(7/70) X-1 


‘.-.. DAR: 


Data Flow 2-1 
Usage (Diagnose) 5-609 
DAR MASK: 
Data Flow 2-1 | 
Usage (Diagnose) 5-609 © 
Data Flow: 
Branching Instructions 3-4 
CE 2-1 
Decimal Instructions 3-3 
Direct Control Operation 5-607 (Sheet 2) 
Divide, Fixed-Point 5-110 (Sheet 4) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
1/O Instructions 3-6 
Logical Instructions 3-3 
Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
ROS 4-105 (Sheet 2) 
Scan 6-101 
Status Switching Instructions 3-5 
DE Wrap: 
Bus Controls 6-201 
Data Flow 2-1 
Decimal Add 6 Logic, Serial Adder 4-403 
Decimal Correction Logic, SAL(O—3) 4-404 
Decimal Instructions: 
Add, AP (FA); SS: 
Complement Add Sequence 5-303 
GIS 5-301 
True Add Sequence 5-302 
Compare, CP (F9); SS: 
Complement Add Sequence 5-303 
GIS 5-301 
True Add Sequence 5-302 
Data Flow 3-3 
Divide, DP (FD);SS 5-306 
Move With Offset, MVO (F1); SS: 
GIS 5-307 
Not Word Overlap Sequence 5-312 
Word Overlap Sequence 5-313 
Multiply, MP (FC);SS 5-305 
Pack, PACK (F2); SS: 
GIS 5-307 
Not Word Overlap Sequence 5-308 
Word Overlap Sequence 5-309 
Subtract, SP (FB); SS: 
Complement Add Sequence 5-303 
GIS 5-301 
True Add Sequence 5-302 ~ 
Unpack, UNPK (F3); SS: 
GIS 5-307 
Not Word Overlap Sequence 5-310 
Word Overlap Sequence 5-311 
Zero and Add, ZAP (F8);SS 5-304 
‘DEFEAT INTERLEAVING Switch Gating 6-11 
Delayed Block I-Fetch Trigger 5-29 (Sheet 1) 
Delayed I-Fetch Protection Gate Trigger 5-29 (Sheet 1) 
Delayed I-Fetch Storage Request Trigger 5-29 (Sheet 1) 
Diagnose (83); Stat Sw, SI 5-609 
Direct Control Operation: 
Data Flow 5-607 . 
Direct Control Interface 3-5 
Read Direct, RDD (85); Stat Sw, SI 5-608 
Write Direct, WRD (84); Stat Sw, SI. 5-607 
Disable Interleaving and Reverse Storage Address Trigger 6-11 
Disable Interleaving Trigger 6-11 
Disable Interval Timer Logic 6-21 
Display Instructions: 
Convert and Start Symbols, CSS (02); DSPY, RR 5-903 
Convert Weather Lines, CVWL (03); DSPY, RR 5-905 
Load Chain, LC (51); DSPY, RX 5-906 
Repack Symbols, RPSB (OF); DSPY, RR 5-902 
Divide, D (5D); Fix Pt, RX 5-110 (Sheet 2) 
Divide, DD (6D); FI Pt, RX (Long) 5-215 
Divide, DDR (2D); F1 Pt, RR (Long) 5-215 
Divide, DE (7D); Fl Pt, RR (Long) 5-215 
Divide, DER (3D); FI Pt, RR (Short) 5-214 
Divide, DP (FD); Dec, SS 5-306 
Divide, DR (1D); Fix Pt, RX 5-110 (Sheet 1) 
Divide, Fixed-Point: 
Algorithm 5-110 (Sheet 3) 
Data Flow 5-110 (Sheet 4) 
Initialization 5-110 (Sheets 1 and 2) 
Termination 5-110 (Sheets 5 and 6) 
Divide, Floating-Point; Data Flow 5-213 


Dividend Bits, Transfer of Low-Order; Fixed-Point 5-110 (Sheet 4) 


Divisor Multiple, Derivation of; Fixed-Point 5-110 (Sheet 4) 
Drive Line Decode, ROS 4-105 (Sheet 1) 


E-Register: 
Data Flow 2-1 
Incrementer, Bits 14 and 15 4-203 
Parity Prediction After Incrementing 4-204 
Usage: 
Branch Requests 5-4 
Branching Instructions 3-4 
Decimal Instructions 3-3 
Direct Control Operation 5-607 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 


X-2 (7/70) 


1/O Instructions 3-7 
Logical Instructions 3-3 
Multiply, Floating-Point 5-210 
RR I-Fetch, One-Cycle 5-7 
RR I-Fetch, Two-Cycle 5-8 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle 5-12 
RX I-Fetch, Two-Cycle Indexed 5-11 
RX I-Fetch, Two-Cycle Nonindexed 5-12 
SI I-Fetch, One-Cycle 5-10 
SI I-Fetch, Two-Cycle 5-12 
Status Switching Instructions 3-5 
E-Register Incrementer: 
Bits 14 and 15, Positive Logic Diagram 4-203 
Parity Prediction After Incrementing 4-204 
Early End Op, Instruction Requests 5-3 
Edit, ED (DE); Logic, SS 5-411 
Edit and Mark, EDMK (DF); Logic, SS 5-411 
EEOP Request Trigger 5-30 
E(8—15) Parity Trigger 4-204 
End Op: 
Instruction Requests 5-2 
Operand Prefetching 5-1 
Error Controls 6-22 
Error Trigger 4-606, 4-413, 4-414, 6-22, 6-108 
Exceptional Conditions: 
CPU Store In Progress 5-18 
Invalid Instruction Address Test 5-29 
Manual Control 5-27 
Program Store Compare 5-28 
Q-Register Refill 5-30 
Timer 5-17 
Excess-6 Logic, Parallel Adder 4-415 
Exclusive-OR Function, SAL(0) 4-406 
Exclusive-OR, X (57); Logic, RX 5-406 
Exclusive-OR, XC (D7); Logic, SS_ 5-406 
Exclusive-OR, XI (97); Logic, SI 5-406 
Exclusive-OR, XR (17); Logic, RR 5-406 
Execute, EX(44); Br, RX 5-506 
External Interruptions: 5-24 
External Register: 
Data Flow 2-1 
Usage: 
SATR 5-808, 809 
SCON 5-810 
SIOP 5-807 
External Signal Flip-Latches 5-607 
External Signal Trigger 5-24 


F-Register: 
Data Flow 2-1 
Usage: 
Add, Subtract, and Compare, Decimal 5-302 (Sheet 1) 
Direct Control Operation 5-607 (Sheet 2) 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Fixed-Point 5-110 (Sheet 4) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
Multiply, Decimal 5-305 (Sheet 1) 
Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
Status Switching Instructions 3-5 
Fail Trigger 6-111, 6-112 
Fault Locating Test (see FLT) 
Final Error Latch 4-413, 4-414 
Fixed-Point Instructions: 
Add, A (S5A);RX 5-108 
Add, AR (1A);RR 5-108 
Add Halfword, AH (4A);RX 5-108 
Add Logical, AL (SE);RX 5-108 
Add Logical, ALR (1E);RR 5-108 
Compare, C (59);RX 5-108 
Compare, CR (19);RR 5-108 
Compare Halfword, CH (49);RX 5-108 
Convert to Binary, CVB (4F);RX° 5-111 
Convert to Decimal, CVD (4E); RX 5-112 
Data Flow 3-1 
Divide: 
Algorithm 5-110 (Sheet 3) 
Data Flow 5-110 (Sheet 4) 
Initialization 5-110 (Sheets 1 and 2) 
Termination 5-110 (Sheet 2) 
Divide, D (5D);RX 5-110 (Sheet 2) 
Divide, DR (1D);RR 5-110 (Sheet 1) 
Load, L (58);RX 5-101 
Load, LR (18);RR 5-101 
Load and Test, LTR (12);RR 5-103 
Load Complement, LCR (13); RR 5-104 
Load Halfword, LH (48);RX 5-102 
Load Multiple, LM (98); RS 5-107 
Load Negative, LNR (11);RR 5-106 
Load Positive, LPR (10);RR 5-105 
Multiply: 
Algorithm 5-109 (Sheet 2) 
Data Flow 5-109 (Sheet 3) 
Initialization 5-109 (Sheet 1) 
Multiply, M (5C);RX 5-109 
Multiply, MR (1C);RR 5-109 
Multiply Halfword, MH (4C);RX 5-109 
Shift Left Double, SLDA (8F);RS 5-117 
Shift Left Single, SLA (8B);RS 5-116 
Shift Right Double, SRDA (8E);RS 5-119 


Shift Right Single, SRA (8A);RS 5-118 
Store Halfword, STH (40);RX 5-114 
Store Multiple, STM (90);RS 5-115 
Store, ST (50);RX 5-113 
Subtract Halfword, SH (4B);RX 5-108 
Subtract Logical, SL (SF); RX ‘5-108. 
Subtract Logical, SLR (1F);RR 5-108 
Subtract, S (5B);RX 5-108 

Subtract, SR (1B);RR 5-108 


Floating-Point Instructions: 


Add Normalized, AD (6A); RX (Long) 5-207 
Add Normalized, ADR (2A);RR (Long) 5-207 
Add Normalized, AE (7A); RX (Short) 5-206 
Add Normalized, AER (3A);RR (Short) 5-206 
Add Unnormalized, AU (7E); RX (Short) 5-206 
Add Unnormalized, AUR (3E); RR (Short) 5-206 
Add Unnormalized, AW (6E); RX (Long) 5-207 
Add Unnormalized, AWR (2E); RR (Long) 5-207 
CC Setting 5-201 

Compare, CD (69); RX (Long) 5-207 

Compare, CDR (29); RR (Long) 5-207 

Compare, CE (79); RX (Short) 5-206 

Compare, CER (39); RR (Short) 5-206 

Data Flow 2-1 

Divide, Data Flow 5-213 

Divide, DD (6D); RX (Long) 5-215 

Divide, DDR (2D); RR (Long) 5-215 

Divide, DE (7D); RX (Short) 5-214 

Divide, DER (3D); RR (Short) 5-214 

Halve, HDR (24); RR (Long) 5-209 

Halve, HER (34); RR (Short) 5-208 

Load and Test, LTDR (22); RR (Long) 5-205 
Load and Test, LTER (32); RR (Short) 5-204 
Load Complement, LCDR (23); RR (Long) 5-205 
Load Complement, LCER (33); RR (Short) 5-204 
Load, LD (68); RX (Long) 5-203 

Load, LDR (28); RR (Long) 5-202 

Load, LE (78); RX (Short) 5-203 

Load, LER (38); RR (Short) 5-202 

Load Negative, LNDR (21); RR (Long) 5-205 
Load Negative, LNER (31); RR (Short) 5-204 
Load Positive, LPDR (20); RR (Long) 5-205 
Load Positive, LPER (30); RR (Short) 5-204 
Multiply, Data Flow 5-210 

Multiply, MD (6C); RX (Long) - 5-212 

Multiply, MDR (2C); RR (Long) 5-212 

Multiply, ME (7C); RX (Short) 5-211 

Multiply, MER (3C); RR (Short) 5-211 

Save Signs and Insert Sign Function 5-201 

Store, STD (60); RX (Long) 5-216 

Store, STE (70); RX (Short) 5-216 

Subtract Normalized, SD (6B); RX (Long) 5-207 
Subtract Normalized, SE (7B); RX (Short) 5-206 
Subtract Normalized, SER (3B); RR (Short) 5-206 
Subtract Unnormalized, SU (7F); RX (Short) 5-206 


Subtract Unnormalized, SUR (3F); RR (Short) 5-206 
Subtract Unnormalized, SW (6F); RX (Long) 5-207 
Subtract Unnormalized, SWR (2F); RR (Long) 5-207 


FLT: 
Backspace Pb 6-27 
Clock 6-103 
Counter, Decrementing 6-106 
Sequence 6-116 
FLT Counter =0 Latch 6-106 
FLT Test Trigger 6-26, 6-111 
Force Address Latch 4-1, 6-7 
Fraction Data Path: 
Floating-Point Divide 5-213 
Floating-Point Multiply 5-210 


FREQUENCY ALTERATION Switch, Clock Signal Generator 


Full-Sum Checking Logic, PA(48—55) 4-514 
Full Sum Error (48—55) Trigger 4-514 
Functional Units (see Specific Unit) 


G-Register: 

Data Flow 2-1 

Usage: 

Direct Control Operation 5-607 
Status Switching Instructions 3-5 

GAP Latch 6-113 
Gate A(8—15) to SBA Trigger 4-401 
Gate A(0—7) to SBA Trigger 4-401 
Gate B(56—63) to SBA Trigger 4-401 
Gate Control Triggers for ‘B + T’ Micro-order 4-409 
Gate F to SBA Trigger 4-401 
Gate I-Fetch Invalid Address Trigger 5-29 (Sheet 1) 
Gate IL Not Available Trigger 5-16 
General Initialization Sequence (see GIS) 
GIS: 

Add, AP (FA); Dec, SS 5-301 

Compare, CP (F9); Dec, SS 5-301 

Logical Instructions 5-401 

Move With Offset, MVO (F1); Dec, SS 5-307 

Pack, PACK (F2);Dec, SS 5-307 

Subtract, SP (FB); Dec, SS 5-301 

Unpack, UNPK (F3); Dec, SS 5-307 


Half-Sum Checking Logic, PA(48—55) 4-413 
Half-Sum Error Trigger 4-413 

Half-Sum Precheck Error (48—55) Trigger 4-413 
Halt 1/0, HIO (9E);1/O, SI 5-703 

_ Halve, HDR (24); Fi Pt, RR (Long) 5-209 


Halve, HER (34); FI Pt, RR (Short) 5-208 
Hold In Flip-Latch 5-607 (Sheet 2) 
Hold MCIPL Latch 6-9 


I-Fetch: 
Block I-Fetch Trigger 5-16 
Branch Requests 5-4 
Common Interruption Routine 5-26 


CPU Store in Progress Exceptional Condition 5-18 


External Interruptions 5-24 
Instruction Requests During Early End Op 5-3 
Instruction Requests During End Op’ 5-2 
Interrupt Code Triggers: 

Nonbranch Setting of 5-20 

Program Interruption Code 5-22 

Spec Y-Branch Setting of 5-21 


Invalid Instruction Address Test Exceptional Condition 5-29 


I/O Interruption 5-25 

Machine Check Interruption 5-19 

Manual Control Exceptional Conditions 5-27 
Operand Prefetching During End Op 5-1 
Program Interruptions 5-22 


Program Store Compare Exceptional Condition 5-28 


Q-Register Refili Exceptional Condition 5-30 

RR, Flowchart 5-6 

RR, One-Cycle 5-7 

RR, Two-Cycle 5-8 

RS, Flowchart 5-13 

RS, One-Cycle 5-10 

RS, Two-Cycle 5-12 

RX, Flowchart 5-9 

RX, One-Cycle 5-10 

RX, Two-Cycle Indexed 5-11 

RX, Two-Cycle Nonindexed 5-12 

Sequence, Selection of 5-5 

Sequencers 5-15 

SI, Flowchart 5-13 

SI, One-Cycle 5-10 

SI, Two-Cycle 5-12 

SS, Flowchart 5-14 

Supervisor Call Interruption 5-23 

Timer Exceptional Condition 5-17 
I-Fetch Invalid Address Trigger 5-29 (Sheet 1) 
I-Fetch Request Trigger 5-29 (Sheet 1) 
IC: 

Address Gating, BCU 4-602 

Data Flow 2-1 

Parity Adjustment 4-205 

Usage: 


Add, Subtract, and Compare, Decimal 5-302 (Sheet 1) 


B-Field Transfer to LAL 4-201 
Branching Instructions 3-4 
Decimal Instructions 3-3 
Divide, Decimal 5-306 (Sheet 1) 
Fixed-Point Instructions 3-1 
I-Fetch Sequencer Control 5-15 


Instruction Requests During Early End Op 5-3 


Instruction Requests During End Op 5-2 
Logical Instructions 3-3 
Multiply, Decimal 5-305 (Sheet 1) 
Operand Prefetching During End Op 5-1 
RR I-Fetch, One-Cycle 5-7 
RS I-Fetch, One-Cycle 5-10 
RX J-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed 5-11 
Selection of I-Fetch Sequence 5-5 
SI I-Fetch, One-Cycle 5-10 
Status Switching Instructions 3-5 
IC P(16—23) Flip-Latch 4-205 
IC Request Trigger 4-601 
IC Syne Latch 4-601, 5-15 (Sheet 1) 
IC Sync Trigger 4-601 
Inhibit LS Write Trigger 5-21 
Initial Program Load (See IPL) 
Input/Output (see I/O) 
Insert Character, IC(43); Logic, RX 5-408 
Insert Key Trigger 4-601 
Insert Storage Key, ISK (09); Stat Sw, RR 5-606 
Instruction: 
Requests: 
During Early End Op 5-3 
During End Op 5-2 
Step Routine 6-13 
Instruction Counter (see IC) 
Instruction Fetching (see I-Fetch) 
Instruction Length Not Available Trigger 5-20 
Instruction Step Latch 6-12 
Instructions (see Specific Instruction or Class) 
Interrupt Code Triggers 5-20, 5-21, 5-22 
Interruptions: 
Common Routine 5-26 
External 5-24 
Gating, Block 6-6 
Interrupt Code Triggers 5-20, 5-21, 5-22 
W/O 5-25 
Machine Check 5-19 
Program 5-22 
Supervisor Call 5-23 
Interrupts Latch 6-6 
Invalid Address Logic, SCI 4-604 
Invalid Digit Logic, Serial Adder 4-405 


Invalid Instruction Address Test Exceptional Condition 5-29 


Invalid Instruction Address Trigger 5-29 (Sheet 1) 
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1/O: 
Instructions: 
Data Flow 3-6 
Halt 1/0, HIO (9E);SI 5-703 
Start I/O, SIO (9C);SI 5-701 
Test Channel, TCH (9F);SI 5-704 
Test 1/0, TIO (9D); SI 5-702 
Interruption 5-25 
System Data Flow 2-1 
IPL: 
Gating 6-9 
Operation 6-8 
IPL Status Latch 6-9 


K-Register: 

Data Flow 2-1 

Usage: 
Convert and Sort Symbols 5-903 
Convert Weather Lines 5-905 
Delay 5-803 
DE Wrap 6-201 
Mode Word 5-806 
Repack Symbols 5-902 


Late BCU Cleanup Latch 4-208 
LM-Register: 
Data Flow 2-1 
Usage: 
Convert Weather Lines 5-905 
LM to XY Formatting 4-211 
Repack Symbols 5-902 
Load Address, LA (41); Logic, RX 5-409 
Load and Test, LTDR (22); FI Pt, RR (Long) 5-205 
Load and Test, LTER (32); Fl Pt, RR (Short) 5-204 
Load and Test, LTR (12); Fix Pt, RR 5-103 
Load Complement, LCDR (23); Fl Pt, RR (Long) 5-205 
Load Complement, LCER (33); Fl Pt, RR (Short) 5-204 
Load Complement, LCR (13); Fix Pt, RR 5-104 
Load Halfword, LH (48); Fix Pt, RX 5-102 
Load, L (58); Fix Pt, RX 5-101 . 
Load, LD (68); Fl Pt, RX (Long) 5-203 
Load, LDR (28); Fl Pt, RR (Long) 5-202: 
Load, LE (78); Fl Pt, RX (Short) 5-203 
Load, LER (38); Fl Pt, RR (Short) 5-202 
Load, LR (18); Fix Pt, RR 5-101 
Load Multiple, LM (98); Fix Pt, RS 5-107 
Load Negative, LNDR (21); Fl Pt, RR (Long) 5-205 
Load Negative, LNER (31); Fl Pt, RR (Short) 5-204 
Load Negative, LNR (11); Fix Pt, RR 5-106 
Load Positive, LPDR (20); Fl Pt, RR (Long) 5-205 
Load Positive, LPER (30); Fl Pt, RR (Short) 5-204 
Load Positive, LPR (10); Fix Pt, RR 5-105 
Load PSW, LPSW (82); Stat Sw, SI 5-601 
Local Storage: 
Data Flow 2-1 
Read/Write Controls 4-301 
Usage: 
B-Field Transfer to LAL 4-201 
Branching Instructions 3-4 
‘Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
Operand Prefetching During End.Op 5-1 
R(8—11) or R(12—15) Transfer to LAL 4-202 
RR I-Fetch, One-Cycle 5-7 — feta 
RS I-Fetch, One-Cycle 5-10 - 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed . 5-11 
Scan 6-101 
SI I-Fetch, One-Cycle 5-10 
Status Switching Instructions 3-5 
LOG OUT Pushbutton Logic 6-25 
Logical Function, SAL(0) 4-406 
Logical Instructions: 
AND, N (54);RX 5-404 
AND, NC (D4);SS 5-404 
AND, NI (94); SI 5-404 
AND, NR (14);RR 5-404 
Compare, SL (55); RX 5-403. 
Compare, CLC (D5);SS_ 5-403 
Compare, CLI (95); SI 5-403 
Compare, CLR (15);RR 5-403 
Data Flow 3-3 
Edit, ED (DE);SS_ 5-411 
Edit and Mark, EDMK (DF);SS_ 5-411 
Exclusive-OR, X (57); RX 5-406 
Exclusive-OR, XC (D7);SS 5-406 
_Exclusive-OR, XI (97); SI 5-406 
Exclusive-OR, XR (17);RR 5-406 
GIS 5-401 
Insert Character, IC (43);RX 5-408 
Load Address, LA (41);RX 5-409 
Move, MVC (D2);SS 5-402 
Move, MVI (92); SI 5-402 - 
Move Numerics, MVN (D1);SS 5-402 
Move Zones, MVZ (D3);SS 5-402 
OR, 0(56);RX 5-405 
OR, OC(D6); SS 5-405 
OR, OI (96); SI 5-405 
OR, OR (16);RR 5-405 
Shift Left Double, SLDL (8D);RS 5-412 
Shift Left Single, SLL (89);RS 5-412 
Shift Right Double, SRDL (8C); RS 5-412 
Shift Right Single, SRL (88);RS 5-412 
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Store Character, STC (42);RX 5-408 
Test Under Mask, TM (91); SI 5-407 
Translate and Test, TRT (DD);SS 5-410 
Translate, TR (DC);SS_ 5-410 

Logout: 
Control Logic 6-108 
Sequence 6-114 

Logout Trigger 6-108 

LS (see Local Storage) 


Machine Check Interrupt Trigger 5-19 
Machine Check Interruption 5-19 
Main Storage, Data Flow: 
I/O Instructions 3-6 
System 2-1 
Maintenance Control Word (see MCW) 
Maintenance Features: — 
Diagnose (83); Stat Sw 5-609 
MCW _ 5-609 (Sheet 1) 
Maintenance Mode Stop Clock (see MMSC) 
Manual Control Exceptional Conditions 5-27 
Manual Trigger 6-6 
Mark Triggers: 
Data Flow 2-1 
Positive Logic Diagram 4-209 
Usage, Scan 6-101 
MCW 5-609 (Sheet 1) 
MCW-Register: 
Data Flow 2-1 
Usage: 
Scan 6-101 
Status Switching Instructions 3-5 
Mixer: 
Data Flow 2-1 
Usage: 
Convert Weather Lines 5-905 
LM to XY Reformatting 4-211 
Repack Symbols 5-902 . 
XY Parity Prediction 4-212 
MMSC Logic 6-110 
MMSC Trigger 6-108, 6-110 
Move, MVC (D2); Logic, SS 5-402 
Move, MVI (92); Logic, SI 5-402 
Move Numerics, MVN (D1); Logic, SS 5-402 
Move With Offset, MVO (F 1); Dec, SS: 
GIS 5-307 
Not Word Overlap Sequence 5-312 
Word Overlap Sequence 5-313 
Move Zones, MVZ (D3); Logic, SS 5-402 
Multiple Computing Element Instructions: 
Delay, DLY(0B);Mple, RR 5-803 
Insert ATR, IATR (OE); Mple, RR 5-802 
Load ID, LI(OC); Mple, RR 5-801 


Load PS Base Address (Preferential Storage), LPSB (A1); Mple, SI 5-805 


Move Word, MVW (D8); Mple, SS 5-806 


Set Address Translator, SATR (0D); Mple, RR Receiving 5-808 


Set Configuration SCON (01); Mple, RR 5-810 
Start I/O Processor, SIOP (9A); Mpie, SI 5-807 


Store PS Base Address (Preferential Storage), SPSB (AO); Mple, SI 5-804 


Test & Set, TS (93) Mple, SI 5-811 


Multiple, Derivation of; Fixed-Point Multiply 5-109 (Sheet 3) 


Multiply, Fixed-Point: 

Algorithm 5-109 (Sheet 2) 

Data Flow 5-109 (Sheet 3) 

Initialization 5-109 (Sheet 1) 
Multiply Floating Point, Data Flow 5-210 
Multiply Halfword, MH (4C); Fix Pt, RX 5-109 
Multiply, M (5C); Fix Pt, RX 5-109 
Multiply, MD (6C); FI Pt, RX (Long) 5-212 
Multiply, MDR (2C); Fl Pt, RR (Long) 5-212 
Multiply, ME (7C); Fl Pt, RX (Short) 5-211 
Multiply, MER (3C); Fl Pt, RR (Short) 5-211 
Multiply, MP (FC); Dec, SS_ 5-305 
Multiply, MR (iC); Fix Pt, RR 5-109 


N-Register: 
Data Flow 2-1 
Usage (Repack Symbols) 5-902 


Operand Prefetching During End Op 5-1 
OR Function, SAL(0) 4-406 

OR, O (56); Logic, RX 5-405 

OR, OC (D6); Logic, SS 5-405 

OR, OI (96); Logic, SI 5-405 

OR, OR (16); Logic, RR 5-405 


Pack, PACK (F2); Dec, SS: 
GIS 5-307 
Not Word Overlap Sequence 5-308 
Word Overlap Sequence 5-309 
PAL(@48-55) Parity Latch 4-412 
Parallel Adder: 
Address Gating, SCI 4-602 
Bit-Position Logic, Bit47 4-510 
Carry Lookahead Logic’ 4-511 
Data Flow 2-1 
Excess-6 Logic 4-415 
Full-Sum Checking Logic, PA(48—55) 4-414 
Gate Control Triggers for ‘B + T’ Micro-order 4-409 
Half-Sum Checking Logic, PA(48—55) 4-413 
Parity Generation, PAL(48—55) 4-412 
Set CC Logic 4-416 


Usage: 
Branching Instructions 3-4 . 
Decimal Instructions 3-3 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Fixed-Point 5-110 (Sheet 4) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
I-Fetch Sequencer Control 5-15 
Logical Instructions 3-3 
Multiply, Decimal 5-305 (Sheet 1) 
Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
RR I-Fetch, One-Cycle 5-7 
RS I-Fetch, One-Cycle 5-10 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed 5-11 
Scan 6-101 
Scan-Out Path 6-107 
SI I-Fetch, One-Cycle 5-10 
Status Switching Instructions 3-5 
Parity: 
Generation, PAL(48—55) 4-412 
IC, Adjustment for Stepping 4-205 
Predict Logic, Serial Adder 4-407 
Prediction, after Incrementing E-Register Incrementer 4-204 


Partial Product Bit, Derivation of; Fixed-Point Multiply 5-109 (Sheet 3) 
Partial Product Byte, Derivation of; Fixed-Point Multiply 5-109 (Sheet 3) 


Pass Pulse Trigger 4-1, 6-12, 6-102 
Pass Trigger 6-112, 6-113 
PIR: 
Data Flow 2-1 
Usage (Diagnose) 5-609 
Power-on Reset 6-7 
Product/Quotient Bit Logic, Serial Adder 4-408 
Program Interrupt Flip-Latch 5-22 
Program Interruptions 5-22 
Program Status Word (see PSW) 
Program Store Compare Exceptional Condition 5-28 
PROSAR A, Data Flow 4-105 (Sheet 2) 
PROSAR B, Data Flow 4-105 (Sheet 2) 
Protected Branch Address Trigger 5-29 (Sheet 1) 
Protection Check to CPU Latch 5-20 
PSA Access Error 4-608 
PSBAR (Preferential Storage Base Add Reg): 
Counter 4-608 
Logical: 
Data Flow 2-1 
Usage: 
Address Decode & Gating Logic 4-602 
Load PSBAR 5-805 
Store PSBAR 5-804 
Physical: 
Data Flow 2-1 
Usage: 
Load PSBAR 5-805 
Store PSBAR 5-804 
PSW Register: 
Data Flow 2-1 
Usage: 
Branching Instructions 3-4 
Status Switching Instructions 3-5 
Pulse Mode: 
Controls 6-23 
Operation 6-24 
Pulse Mode Adjust Trigger 6-23 
Pulse Mode Initialization Trigger 6-23 
Pulse Mode Setup Latch 6-23 
Pushbutton: 
Gating, Stop Loop 6-5 
Signal Generation 6-3 


Q-Register: 
Data Flow 2-1 
Usage: 

B-Field Transfer to LAL 4-201 

Branching Instructions 3-4 

I-Fetch Sequencer Control 5-15 

Instruction Requests During Early End Op 5-3 

Instruction Requests During End Op 5-2 

Operand Prefetching during End Op 5-1 

RR I-Fetch, One-Cycle 5-7 

RR I-Fetch, Two-Cycle 5-8 

RS I-Fetch, One-Cycle 5-10 

RS I-Fetch, Two-Cycle 5-12 

RX I-Fetch, One-Cycle 5-10 

RX I-Fetch, Two-Cycle Indexed 5-11 

RX I-Fetch, Two-Cycle Nonindexed 5-12 

Selection of I-Fetch Sequence 5-5 

SI I-Fetch, One-Cycle 5-10 

SI I-Fetch, Two-Cycle 5-12 

Status Switching Instructions 3-5 
Q-Register Refill Exceptional Condition 5-30 
Quotient Bits, Derivation of; Fixed-Point Divide 5-110 (Sheet 4) 


R-Register: 

Data Flow 2-1 

Usage: 
B-Field Transfer to LAL 4-201 
Branch Requests 5-4 
Branching Instructions 3-4 
I-Fetch Sequencer Control 5-15 
Instruction Requests During Early End Op 5-3 


Instruction Requests During End Op 5-2 
Operand Prefetching During End Op 5-1 
R(8—11) or R(12—15) Transfer to LAL 4-202 
RR I-Fetch, One-Cycle 5-7 
RR I-Fetch, Two-Cycle 5-8 
RS I-Fetch, One-Cycle 5-10 
RS I-Fetch, Two-Cycle 5-12 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed 5-11 
RX IJ-Fetch, Two-Cycle Nonindexed 5-12 
Selection of I-Fetch Sequence 5-5 
SI I-Fetch, One-Cycle 5-10 
SI I-Fetch, Two-Cycle 5-12 
Status Switching Instructions 3-7 
RATE Switch Logic 6-12 


‘Read Direct, RDD (85) 5-607 


Read-Only Storage (see ROS) 

Read-Only Storage Address Register (see ROSAR) 
Read-Only Storage Backup Register (see ROSBR) 
Read-Only Storage Data Register (see ROSDR) 


Read-Only Storage Previous Address Register A and B (see PROSAR A and 


PROSAR B) 
Read/Write Controls, Local Storage 4-301 
R(8—11) or R(12—15) Transfer to LAL 4-202 
REPEAT INSN Switch: 
Logic 6-15 
Routine 6-16 
Repeat Instruction Adjust Trigger 6-15 
Repeat Instruction Initialization Latch 6-15 
Repeat ROS Address Flip-Latch 4-101 
REPEAT ROS ADDRESS Switch Gating 6-17 
Request Sensing Logic 4-601 
Reset: 
Machine 6-7 
RESTART FLT I/O Pushbutton Logic 6-27 
Ripple Storage, Loop Routine 6-18 
Roller Switches 6-2 
ROS: 
Addressing: 
Drive Line Decode 4-105 (Sheet 1) 
Select Line Decode 4-105 (Sheet 1) 
Sense Amplifiers 4-105 (Sheet 1) 
Sense Latches 4-105 (Sheet 1) 
Sense Line and Driver Distribution 4-105 (Sheet 1) 
Array Drivers 4-106 
Data Flow 4-105 (Sheet 2) 
ROSAR(0-—5) Logic 4-101 
ROSAR(6—9) Logic 4-102 
ROSAR(10) Logic 4-103 
ROSAR(11) Logic 4-104 
Timing 4-105 (Sheet 1) 
ROS Microbranching, Scan Control 6-112 
ROS Test Initiate Trigger 6-26 
ROS Test Latch 6-26 
ROS Test Sequence 6-15 
ROS Test Trigger 6-112 
ROS Transfer and Repeat Address Trigger and Latch 6-17 
ROS TRANSFER Switch Gating 6-17 
ROSAR: 
Data Flow 4-105 (Sheet 2) 
ROSAR(0—5) Logic 4-101 
ROSAR(6—9) Logic 4-102 
ROSAR(10) Logic 4-103 
ROSAR(11) Logic 4-104 
Selection of I-Fetch Sequence 5-5 


Usage: 
I-Fetch Sequencer Control 5-15 
Scan 6-101 


ROSAR Latches, Data Flow 4-105 (Sheet 2) 
ROSBR, Data Flow 4-105 (Sheet 2) 
ROSDR: 

Data Flow 4-105 (Sheet 2) 

Logic 4-107 
ROSDR Latches, Data Flow 4-105 (Sheet 2) 
RR I-Fetch: 

Flowchart 5-6 

One-Cycle 5-7 

Two-Cycle 5-8 
RS I-Fetch: 

Flowchart 5-13 

One-Cycle 5-10 

Two-Cycle 5-12 
RX J-Fetch: 

Flowchart 5-9 

One-Cycle 5-10 

Two-Cycle Indexed 5-11 

Two-Cycle Nonindexed 5-12 


S-Register (see ST-Register) 
SAB Parity Conversion Logic, SCI 6-10 
SADDL Parity (0—7) Latch 4-407 
Sample Pulse Trigger 5-17 
Scan Clock 6-102 
Scan Control Triggers 6-111 
Scan Counter Control Trigger and Latch 6-106 
Scan Counter Latches and Decrementer 6-104 
Scan/IOCE Interface 6-113 
Scan Logic: 
Control Triggers 6-111 
Data Flow 6-101 
FLT Clock 6-103 
FLT Counter, Decrementing .6-106 
Logout Control Logic 6-108 
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MMSC Logic 6-110 
ROS Microbranching, Control 6-112 
Scan Clock 6-102 
Scan Counter Latches and Decrementer 6-104 
Scan/IOCE Interface 6-113 
Scan-Out Bus, Data Flow 6-107 
Scan-Out Path 6-109 
Scan Storage Address Generator 6-105 
Scan MODE ROS/PROC/FLT Switch Logic 6-26 
Scan Mode Trigger and Latch 6-108 
Scan-Out Bus, Data Flow 6-107 
Scan-Out Path 6-109 
Scan-Out ROS (see SOROS) 
Scan Request Trigger 4-601, 6-105, 6-108 
Scan Storage Address Generator 6-105 
Scan Sync Trigger and Latch 4-601, 6-105, 6-108 
SCI: 
Address Decode Logic, Basic System 4-602 
Address Gating Logic 4-602 | 
CE Request Timing, Typical 4-601 
Clock Control Logic 4-603 
CPU Sequencers 4-603 
Data Flow 2-1 
Invalid Address Logic 4-604 
Request Sensing Logic 4-601 _ 
_.. SAB Parity Conversion Logic. 4-610 
* Single-Cycle Mode, Servicing of Requests 4-612 
Storage Error Logic 4-606 . 
Segmented Clock Inhibit Latch 4-2 
Segmented Clock Storage Selected Latch 4-2 
Select Line Decode, ROS 4-105 (Sheet 1) — 
_ Select Register: eeataes Gewsk Sepa 
Data Flow 2-1 
Usage: 
SATR 5-808, 809 
SCON 5-810 
Sense Amplifier, ROS 4-105 (Sheet 1) 
Sense Latches, ROS: 
Addressing 4-105 (Sheet 1) 
Data Flow 4-105 (Sheet 2) 
Sense Line and Driver Distribution, ROS 4-105 (Sheet 1) 
Serial Adder: 
AND Function, SLA(0) 4-406 
Carry Lookahead Logic, SAL(Q—3) 4-402 
Data Flow 2-1 
Decimal Add 6 Logic 4-403 
Decimal Correction Logic, SAL(Q—3) 4-403 
Exclusive-OR Function, SAL(0) 4-406 
Input Bus Logic 4-401 
Invalid Digit Logic 4-405 
Logical Function, SAL(0) 4-406 
OR Function, SAL(0) 4-406 
Parity Predict Logic 4-407 
Product/Quotient Bit Logic 4-408 
Usage: 


Add, Subtract, and Compare, Decimal 5-302 (Sheet 1) 


Decimal Instructions 2-1 
Direct Control Operation 5-607 (Sheet 2) 
Divide, Decimal. 5-306 (Sheet 1) 
Divide, Fixed-Point 5-110 (Sheet 4) 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
Logical Instructions 3-3 
Multiply, Decimal 5-305 (Sheet 1) 
Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
Status Switching Instructions 3-5 

Set Program Mask, SPM (04); Stat Sw, RR .5-602_ 


Set Storage Key, SSK (08); Stat Sw,.RR- 5-605: ee 


Set System Mask, SSM (80); Stat Sw, SI 5-603 
Shift Left Double, SLDA (8F); Fix Pt, RS 5-117 
Shift Left Double, SLDL (8D); Logic, RS 5-412 
Shift Left Single, SLA (8B); Fix Pt, RS 5-116 
Shift Left Single, SLL(89); Logic, RS 5-412 
Shift Right Double, SRDA (8E); Fix Pt, RS 5-119 
Shift Right Double, SRDL (8C); Logic, RS 5-412 
Shift Right Single, SRA (8A); Fix Pt, RX 5-118 
Shift Right Single, SRL (88); Logic, RS 5-412 
SI I-Fetch: 

Flowchart 5-13 

One-Cycle 5-10 

Two-Cycle 5-12 
Sign Data Path: 

Floating-Point Divide 5-213 

Floating-Point Multiply 5-210 
Single-Cycle Inhibit Routine 6-14 
Single Cycle Latch 6-12 
Single-Cycle Mode, Servicing of Requests by SCI 4-612 
Single-Cycle Routine 6-14 
SOROS Trigger 6-25, 6-108 
SS I-Fetch, Flowchart 5-14 
ST Register: 

Bits15and16 4-306 

Data Flow 2-1 

Usage: 


Add, Subtract, and Compare, Decimal 5-302 (Sheet 1) 


Branching Instructions 3-4 

Decimal Instructions 3-3 

Direct Control Operation 5-607 (Sheet 2) 
Divide, Decimal 5-306 (Sheet 1) 

Divide, Fixed-Point 5-110 (Sheet 4) 
Divide, Floating-Point 5-213 

Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
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I/O Instructions 3-7 
Logical Instructions 3-3 
Multiply, Decimal 5-305 (Sheet 1) 
‘Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
RS I-Fetch, One-Cycle 5-10 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed 5-11 
Scan 6-101 . 
SI I-Fetch, One-Cycle 5-10 
Status Switching Instructions 3-5 
ST-Register Byte Counter (see STC) 
Start I/O, SIO (9C);1/O, SI 5-701 
STAT A, Set CC; Parallel Adder 4-416 
STAT B, Positive Logic Diagram 4-501. 
STAT C, Save Signs and Insert Sign; Floating-Point 5-201 
STAT D, Save Signs and Insert Sign; Floating-Point 5-201 
STAT F, Save Signs and Insert Sign; Floating-Point 5-201 
Status Switching Instructions: 
Data Flow 3-5 
Diagnose (83);SI 5-609 
Insert Storage Key, ISK (09);RR 5-606 
Load PSW, LPSW (82);SI 5-601 
Read Direct, RDD (85); SI 5-607 
Set Program Mask, SPM (04);RR 5-602 
Set Storage Key, SSK (08);RR 5-605. 
Set System Mask, SSM (80); SI 5-603 
Supervisor Call, SVC (0A); RR 5-604 
Test and Set, TS (93);SI 5-609 
Write Direct, WRD (84); SI 5-607 
STC: 
Bipolar Latches 4-208 
Data Flow 2-1 
Incrementer Latches 4-208 . 
Positive Logic Diagram 4-208 
Triggers 4-208 
Usage: 
Decimal Instructions 3-3 
Direct Control Operation 5-607 (Sheet 2) 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
Logical Instructions 3-3 
Multiply, Floating-Point 5-210 
Status Switching Instructions 3-5 
Stop Clock Trigger 4-1 
Stop Loop: 
Pushbutton Gating 6-5 
Routine 6-4 
Stop Trigger 6-6 
Storage Error Logic, SCI 4-606 
Storage Ripple Loop Routine 6-18 
STORAGE SELECT Switch Gating 6-10 


‘Store Character, STC (42); Logic, RX 5-408 


Store Halfword, STH (40); Fix Pt, RX 5-114 
Store Latch 4-209 
Store Multiple, STM (90); Fix Pt, RS 5-115 
Store, ST (50); Fix Pt, RX 5-113 
Store, STD (60); Fl Pt, RX (Long) 5-216 
Store, STE (70); Fl Pt, RX (Short) 5-216 
Store to LCS Flip-Latch 5-18 
Store to Main Storage Flip-Latch 5-18 
Subtract Halfword, SH (4B); Fix Pt, RX 5-108 
Subtract Logical, SL (SF); Fix Pt, RX 5-108 
Subtract Logical, SLR (1F); Fix Pt, RR 5-108 
Subtract Normalized, SD (6B); Fl Pt, RX (Long) 5-207 
Subtract Normalized, SDR (2B); FI Pt, RR (Long) 5-207 
Subtract Normalized, SE (7B); Fl Pt, RX (Short) 5-206 
Subtract Normalized, SER (3B); Fl Pt, RR (Short) 5-206 
Subtract, S (5B); Fix Pt, RX 5-108 
Subtract, SP (FB); Dec, SS: 
Complement Add Sequence 5-303 
GIS 5-301 
True Add Sequence 5-302 
Subtract, SR (1B); Fix Pt, RR 5-108 
Subtract Unnormalized, SU (7F); Fil Pt, RX (Short) 5-206 


Subtract Unnormalized, SUR (3F); Fl Pt, RR (Short) 5-206 


Subtract Unnormalized, SW (6F); Fl Pt, RX (Long) 5-207 
Subtract Unnormalized, SWR (2F); Fl Pt, RR (Long) 5-207 
Supervisor Call, SVC (0A); Stat Sw, RR 5-604 

Supervisor Call Interruption 5-23 

Supervisor Call Trigger 5-23 

Sync Latch 6-108, 6-111 

Sync Trigger 6-27, 6-108, 6-111 


T-Register (see’ST-Register) 
1052 Adapter (9020E Only): 
Block Diagram 6-28 
Data Transfer-Read 6-31 
Data Transfer-Write 6-30 
Ending Sequence 6-32 
Initial Selection-Read, Write, Sense 6-29 
_ Sense and Status Bytes 6-33 
Test and Set, TS (93); Stat Sw, SI 5-811 
Test Under Mask, TM (91); Logic, SI 5-407 
TIC Latch 6-112, 6-113 
Time Clock at Limit Trigger 5-24 
Time Clock Step Trigger 5-17 
Timer Exceptional Condition 5-17 
Timing Gate Trigger 3-6, 5-607 (Sheet 2) 
Transfer In Channel (see TIC) 
Translate, TR (DC); Logic, SS 5-410 


Unpack, UNPK (F3); Dec, SS: 
GIS 5-307 
Not Word Overlap Sequence 5-310 
Word Overlap Sequence 5-311 


Wait State Gating and Microprogram 6-20 
Wait State Trigger 6-20 
Word Overlap Sequence: 
Move With Offset, MVO (F1);Dec,SS 5-313 
Pack, PACK (F2); Dec, SS 5-309 
Unpack, UNPK (F3);Dec,SS 5-311 
Write Direct, WRD (84); Stat Sw, SI 5-607 
Write Local Store Trigger 4-301 


XY-Register: 
Data Flow 2-1 
Usage: 
Convert Weather Lines 5-905 
LM to XY Formatting 4-211 
Repack Symbols 5-902 
XY Parity Prediction 4-212 . 


Zero and Add, ZAP (F8); Dec, SS 5-304 
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